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I PREFACE the Second Edition with this letter, which 
appeared in the AthensBum, February 17, 1866 : — 

"Bam cmd Ri/vere. — In the Journal of the Qeological Society^ 
published in November, 1865, Messrs. Foster and Topley, of the 
Ooyenunent Geological Survey, attribute the denudation of the 
Weald HUl to ' Bain and Eivers.* More than this, there appears to 
be a strong tendency to the ' Bain and Biver * theory among the 
young practical geologists of the Government Survey (who have no 
theories of their own to defend), whether in England, Ireland, 
Scotland, Canada, Australia, or India. So far so good. Great A 
is accomplished ; but there is still a great B to bo learnt. The 
great B is, that man and mammalia, that is, the most perfect 
creatures, may have existed on the land from the beginning, and 
"before the first strata were formed in the sea, and consequently 
that Darwinism and the ' development * theory are myths. The 
entire surface of the earth is covered with soil. That soil is rotted 
subsoil. Owing to atmospheric disintegration, soil is in constant 
formation over the entire surface of the earth. Owing to the 
erosion of ' Bain and Bivers,' that soil is in constant movement 
down the hill-side to the valley, and along the valley to the sea. 
The land, then, is the region of perpetual disintegration, denudation, 
and destruction. The sea is the region of perpetual deposit and 
conservation. And sea strata, when hoisted up by heat in the form 
of slate, sandstone, limestone, &c., form museums of sea life of an 
antiquity quite incomprehensible to man. But these museums con- 
tain sea life only ; land animals neither live nor die in the sea ; they 
live and die on the land. And where are the museums for the pre- 
servation of ancient land life ? There cannot be such a thing. The 
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entire suiface of the earth is perpetually vanishing, and with it the 
musenms for the preservation of ancient land life. The most 
ancient mnseoms of land life are caverns, filled-np lakes, bogs, and 
drift and aUuvium-things which, speaking geologicaUy.were formed 
yesterday, and will be gone to-morrow. In these modem land 
museums, however, the remains of man and extinct mammalia are 
found, and they would be found in more ancient land museums, if 
such ancient land museums could exist. In the Geological Maga- 
zine of January last, page 2, the editor tells us that, ' Foraminifera 
of the present day form no less than 95 per cent, of the ooze cover- 
ing the j^oor of the wide Atlantic ocean.* Suppose our present conti- 
nents to be destroyed or submerged, — 

And where the Atlantic rolls wide continents shall hloom ; 

— that is, suppose that this * floor of the wide Atlantic ocean,* turned 

into slate, shall be raised up as the Silurian slates have been : is the 

geologist of after ages to dub one of these Foraminifera the Eozoon 

Atlanticon^ and to inform his pupils that it was almost the sole 

existent animal of the period when that deposit was formed, instead of 

the place where that deposit was formed ? That is, that from the 

beginning of the world up to the 19th century inclusive, Foraminifera 

were the dominant race on this terraqueous globe ? Yet this is the 

argument of our present geologists as regards the Eozoon Canadense, 

the Oldhamia Antiqua, and the Silurian Trilobites. In land-drifts 

the remains of no sea-fish or sea shells are found. Are we to argue 

from this that there were no fish or shellfish in the sea during the 

period when these land- drifts were formed ? The whole affiedr is the 

result of the most childish confusion between space and time, between 

place and period. That is, because in the deposit of a certain ploA^e 

such a life only existed, we set it down that in the period when that 

deposit was formed that life only existed. Hence such errors as 

* The age of reptiles,* * The diluvial period,* * The boulder period,* 

' The drift period,* * The period of invertebrates,' ' The pluvial 

period,' * The gravel period,* * The peat period,* * The terrace 

era,* &c. 

George Greenwood, Colonel. 

Brooewood Park, Alresford : 
Feb. 2, 1866. 



THE SECOND EDITION. VU 

The doctrines advocated in this book were first 
published by me in the second edition of the * Tree- 
lifter/ Pt. III., 1853, before I had ever heard of> 
Hntton. Then in the first edition of ^Bain and 
Eivers,' 1857. In 1863 Mr. Jukes writes, ' This 
chapter had been sent to the printers some time 
before I became acquainted with an excellent little 
work called "Rain and Rivers," published in 1857 
by Colonel George Greenwood, in which the atmo- 
spheric origin of all river valleys is advocated in the 
clearest and most convincing style. I would beg 
leave to recommend it to the perusal of all geolo- 
gists.' — School Manual of Geology. 

The * Rain and River ' theory lays the first foun- 
dation stone of Geology, because it shows the origin 
of stratification ; and it lays the first foundation 
stone of Physical Geography, because it shows the 
difference between a hill and a valley. See denuda- 
tion of the Weald Hill. 
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A memorandum left by my late uncle has imposed 
upon me the grateful task of republishing his works 
— ' Eain and Eivers/ * The Tree-Lifter,' and * Hints 
on Horsemanship.' The materials for the present 
edition of * Eain and Eivers ' had been from time to 
time collected by Colonel Greenwood with all his 
characteristic energy, during the interval between the 
publication of the Second Edition in 1866 and his 
death in November, 1875. During the same period 
he was contributing to various periodicals numerous 
papers and letters which are very useful in illustra- 
tion of the views on subaerial denudation which he 
so constantly and zealously advocated. These letters, 
etc., are now in course of publication in a collected 
form, with a short memoir of their indefatigable 
author prefixed. 

Charles W. Greenwood. 

4f2, Walton Street, IIans Place : 
May, 1876. 
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BAIN AND EIVEES. 



CHAPTER I. 

ltell's four conteadictoby theories of 

forming valleys. 

LTBLL HAS RETROGRADED FROM SOUND TO UNSOUND DOCTRINES. 
LYELL's OWN PARTICULAR THEORY OF THE FORMATION OF VALLEYS. 
ORIGIN OF ALLUVIAL PLAINS. VALLEYS FORMED ACCORDING TO 
LYELL's THEORIES BBQULD BE BARE OF SOIL. VALLEYS ARB 
RICH IN SOIL. ACCUMULATION OF MAN'S SUBSISTENCE, AND THERE- 
FORE HIS EXISTENCE, GREATLY DEPENDENT ON ACCUMULATION OF 
SOIL. 

Lyell writes of Werner : * When sound opinions had ^y^l^ '^«; . 

*■ retrograded 

thus for twenty years (fifty centuries) prevailed in ^^J^^ 

Europe (the world), Werner (Lyell), by his ^''^^' 

simple dictum, caused a retrograde movement, and 
not only overturned the true theory, but substituted 
for it one of the most unphilosophical that can be 
well imagined.' 

In reference to the theory that valleys are formed 
1^ * rain and rivers,' these words of Lyell are true 

4 
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of himself as I have altered them. There is, per- 
haps, no creed of man which, like this, can be traced 
up to the most remote antiquity, and traced down 
from the most remote antiquity to the present day. 
Lyell has himself quoted Pythagoras for it, through 
the medium of Ovid : ' 

Eluvie mons est deductns in SBqnor. 
Quodqne fuit campus vallem decursus aquarum 
Fecit. 

But Pythagoras only enunciates the doctrine of 
Eastern antiquity : that is, of the Egyptians, the 
Chaldaeans, the Hindoos, and Chinese. But since 
Pythagoras introduced this doctrine in the West, if 
it has ever slumbered, it has been perpetually re- 
originated. Lyell shows that among the Greeks it 
was taught by Aristotle ; among the Eomans by 
Strabo ; among the Saracens by Avicenna ; in Italy 
by Moro, Generelli, and Targioni ; and in England 
by Eay, Hutton, and Playfair. To this list I may 
add the revered name of Sir Henry de la Beche. 
Page 449, Eeport on Devon and Cornwall, he gives 
a disquisition headed * Effects of Atmospheric In- 
fluences,' and * Transport of Detritus by Eivers,' the 
doctrines of which are precisely those of * Eain and 
Eivers.' I believe, also, that Kant preached these 
doctrines in Germany.* 

* I think that even Confucius, but certainly that Plutarch, might 
be inserted in the list. In modem times also the doctrine is most 
admirably advocated in Dr. Amott*s * Elements of Physics ' and in 
Powlett Scrope's * Geology of Central France.* 
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In contradiction, however, to these authorities, p^Hi^uT* 
ancient and modem — in contradiction, as I think, to thrS^a- 

^ ^ tion of 

common sense, and in contradiction to three other vaUeys. 
theories which he himself uses — Lyell has started 
a theory of his ovm in reference to the formation of 
valleys. He conceives that as land has been slowly 
raised through the sea and above it by subterranean 
heat, the waves and currents of the sea have formed 
the valleys. 

In the second edition of the * Tree-lifter,' I 
answered, * That the action of waves on land slowly 
emerging from the deep should have a tendency to 
wash away soft parts and to leave hard parts, I 
can conceive ; but to attribute the formation of our 
valleys to this cause, is to suppose that the mate- 
rials of all the valleys running from the tops of all 
the heights on the globe were originally softer than 
the materials of the intervening ridges ; but in 
almost all cases we can see that this is not so, by 
the corresponding strata on the opposite sides of. 
valleys.' 

In regard to currents : a current might decapitate 
a continent as it rose, supposing equal softness of 
materials, or it might scoop a horizontal groove of 
any size or depth, or (granting lines of hard inter- 
vening ridges) many grooves. But they must all 
be horizontal, and in one direction. No marine 
current could make a single channel sloping from a 
height to the sea ; still less the myriads on myriads 
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of dry upper valleys which ramify in all directionsy 
from all river valleys, through and to all sides of the 
tops of all elevations, whether high or low. 
STu^i**^ The sea ends every valley, but it never yet began 
^^^' one. That is, when the river has done its utmost 
it is the sea which prevents the farther deepening of 
the valley. But, as the denudation and deepening 
of the inclined upper parts continue, the lower part 
of the valley becomes horizontal. The passage of 
the detritus of the upper parts is then checked in 
this horizonal part, and soil accumulates there 
backward up the valley. This is the origin of allu- 
vial plains, which I have never seen an attempt to 
account for. They seem, by common consent, to be 
omitted in all theories of the formation of valleys. 
Alluvial plains are, however, frequent features over 
the globe, and most important features. Yet neither 
the formation of any of them, nor the present and 
perpetual daily growth of each of them, can be 
accounted for, except by the principles which I 
advocate. And, instead of the sea forming valleys 
in the land, valleys often form land in the sea, that 
is, deltas ; and as the sea, by checking the longi- 
tudinal rush of rivers, allows this deposit of land 
forward in it, the sea may thus be said to assist in 
prolonging valleys. 

^Bottle o£f the sea,' and all estuaries and their 
valleys will be deepened ; for the tidal part of each 
river will be a torrent on the brow of a mountain. 
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In this case deltas and allnvinms would disappear ; 
but they would not * go with a run/ or by the direct 
action of rivers. Eivers would only cut ravines 
through them backward from the sea ; the rest must 
wait for disintegration and the wash of rain, and 
would vanish in the form of two parallel terraces. 
The sea begins the deltas and alluviums and preserves 
them now. And in this sense the sea may be said 
to fill valleys in, instead of scooping them out. This 
subject will be treated in the last chapter. 

But besides this No. 1 theory of his own, which 
I shall call the submarine theory ^ Lyell freely adopts 
three other theories, each of them contradictory to 
his own theory, and each contradictory to the other. 
No. 2, a theory of Mr. Hopkins's, that valleys are 
cracks formed in the igneous elevation of the land, 
and Lyell says that Mr. Hopkins accounts for these 
* by mathematical methods.' I shall call this the 
igneous mathematical theory. No. Sy the erosion of 
their banks by rivers, the erosion theory; and No. 4, 
the subaerial denudation from disintegration and the 
wash of rain, the subaerial theory. All these four 
theories Lyell uses, sometimes each as if it was 
his only theory, and always each as if it were con- 
sistent with the other three. Lideed, I think I shall 
show that a fifth and a sixth theory for the forma- 
tion of valleys may fairly be placed to Lyell's credit 
(or discredit ?). 

Let us try if one theory will not sulffice : the last 
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of the four, the subaerial theory; and if, in sup- 
porting this theory against the three first, arguments 
are sometimes used against all three generally, and 
sometimes the fight is shifted abruptly from one par- 
ticular theory to the other, the blame must not be 
laid on the writer of this. 
Valleys If either of the first three theories were true ; if 

fonned 

^^^^ valleys were formed by submarine denudation, either 
rf L^ eU'S' ^y waves or currents ; or if they were formed by 
sj^Mhe 'mathematical earthquakes,' or by the erosion of 

bare of soil. 

their banks by rivers — ^in all these cases valleys 

oiLght to be more bare of soil than any other parts of 

vaUey« are the earth. But they are more rich in soil than any 

lich in ioiL 

other parts of the earth. 

Soil is simply rotten subsoil (mixed with vege- 
table remains). But there are particular spaces so 
steep (precipices) that even gravity or wind, in- 
dependent of the wash of rain, would never suffer 
a grain of soil to remain on them for an instant. 
Soil is not the less in perpetual formation on these 
spaces. The faces of precipices and bare rocks rot, 
and thus soil is in perpetual formation over the 
whole surface of the earth. And from the whole 
surface of the earth it is in perpetual movement, by 
the wash of rain, to the bottom of the sea. This 
travelling rotten part of the earth is the only part 
which supports vegetable existence, and consequently 
animal existence. 

The reason why valleys are richer in soil than 
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other parts of the earth is that they are the roads by 
which soil travels to the sea. And the same cause 
which has excavated valleys, and which still denudes 
them — rain — also deposits in them. And valleys 
always hold soil as rivers always hold water, though 
the soil and the water are both in transitu. Directly 
as each valley lengthens, its longitudinal slope be- 
comes gentle. Directly as it widens, its lateral slope 
becomes gentle. And directly as the gentleness of 
the slope of each valley is the accumulation of soil. 
For as rain takes the soil from the hill-top down the Accomaia. 
valley to the sea, in proportion to the flatness of the ^^^cT** 
valley will deposit of soil exceed denudation. Man's ^^^ 
subsistence, and therefore his existence, depend very maUy 

aepeikdeiit 

much on these vast accumulations of soil. And <«•««- 

mulatian 

therefore (I was going to say) it is of infinite con- ^ •^ 
sequence to man to know the principles on which 
depend the formation, accumulation, and denudation 
of soil. But man — * poor hungry sinner ' — does not 
wait for his dinner till he is shown where to get 
it by a scientific theory. He finds by practice where 
he can grow the crops which support him and his 
domestic animals. There are, however, infinite 
myriads of cases where denudation of soil may be 
retarded by man, and where accumulation of soil 
may be feu^ilitated by him, if the true principles on 
which these depend are understood. And so far 
the knowledge of these principles may be said to be 
of consequence to us all, quicunque teme munere 
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vescimurf from the labourer to the throne, sive reges 
Bive inopes erimns coloni. 

But besides our food^ besides producing and sup- 
porting the vegetable crops and animals most valu- 
able to man, alluvial deposits are the magazines of the 
minerals most valued by man. Platina, gold (5|500^ 
worth has been picked up in one nugget), tin, dia- 
monds, and precious stones are sifted, sorted, and 
stored by Nature in these beds, during her universal 
operations of disintegration, denudation, and depo- 
sit. The subject, also, is of vital importance — the 
very foundation-stone — in theories of geology and 
physical geography; also in engineering questions 
touching harbours and docks, drainage and irriga- 
tion, the embanking of alluvial rivers, the reclaiming 
of land from the sea or marshes (works which place 
in daily jeopardy millions of lives), and the sewage 
and supply of water to *the cities of the plain.' 
And last, and oh, ye gold-finders and utilitarians, not 
least, 

the boundless store 
Of charms which nature to her votary yields, 

the subject explains the origin even of these. The 
alteration of the ravine and ridge, the hill and dale, 
the exquisite beauty of the earth's surface — of all that 
we see of the earth — ^the * dread magnificence ' of the 
Alpine chasm, and the rich loveliness of the alluvial 
vale, are the everchanging products resulting from 
(start not at the bathos) the daily ^wash of rain.' 
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In addition, therefore, to what I published in the 
second edition of the * Tree-lifter,' I shall devote 
this treatise to what I conceive to be the errors of 
Lyell on this important subject. For I think that 
I can show that this illustrious writer is here not 
only contradictory to what we see in nature, but com- 
pletely contradictory to himself throtujhout. 
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CHAPTEE II. 

TERRACES OF GLEN ROY AND LAKES OF AUVERGNE. 

TERRACES OF GLEN ROT PROVE ENORMOUS DENUDATION IN FORMER 
TIMES. WHY SHOULD THIS DENUDATION HAVE CEASED |10W ? 
SCOTTISH EAMES. TERRACES OF THE FRASER RIVER, OOROE OF 
THE HUMBER, AND THE PLAIN OF YORK. TERRACES OF THE 
HIMALAYA. LAKES OP AUVERGNE FIRST FILLED WITH ALLUVIUM, 
THEN CUT INTO HILLS AND VALLEYS BY RAIN AND RIVERS. THIS 
IS CONTRARY TO THE SUBMARINE AND IN FAVOUR OP THE SUB- 
AERIAL THEORY. WHY VALLEYS GROW WIDER AS THEY DESCEND. 
A LAKE, LIKE A VALLEY, CAN ONLY HAVE ONE OUTLET. SOURCE 
OF THE NILE OR OF ANY RIVER, HILLS AND VALLEYS OF VOLCANIC 
DISTRICT OF CENTRAL FRANCE CONTRARY TO SUBMARINE AND IN 
FAVOUR OF THE SUBABRIAL THEORY. COMPARATIVE ETERNITY OF 
CONES OWING TO THEIR SHAPE. CLIFFS ON THE SEINE NOT 
MARINE. 

I WILL again begin the chapter by applying Lyell's 
own words to himself : ' A false theory, it is well 
Known, may render us blind to the facts which are 
opposed to our prepossessions, or may conceal from 
us their true import when we behold them.' In 
reference to Lyell's own submarine theory of form- 
ing valleys, I had intended to extract from the be- 
ginning of his * Elements,' 2nd edition, to the end 
of his * Principles,' 7th edition, all passages con- 
tradicting that theory in particular, or each other 
generally. I found that I became far too voluminous. 
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For the questions of denudation in the fonnation of 
Talleys, and of deposit in the formation of all strata, 
allnvinms, and drift-beds, are of snch a nniversal 
and constant occurrence and recnirence in geology 
that there is scarcely a page m Lyell's works in 
which he will not be foond an nnwilling and un/n- 
tenlional witness against his own sobmarine theory, 
and in favoor of the common-sense plan of for mi ng 
valleys by ' rain and rivers.' Bnt thongh I have 




PualM B«d> at Glen B07. 

thus been obliged to curtail my extracts, I have still 
retained my original order of operations. 

In reference to the formation of the parallel ter- ivmmor 

•^ GitBBaj 

races of Glen Boy, Lyell (' Elements,' chap, vii.) con- ^^^^ 
curs in these words with ' Dr. M'CnUoch, Sir T. D. Jfcl^?" 
Laaderi Mt. Darwin^ and Ur. Agasdz. There is 
one point, however, on which all are agreed, namely, 
that these shelves are ancient beaches, or littoral 
formations, accnmolated roond the edges of one or 
more sheets of water, which once stood at the level, 
first of the highest shelf, and soccessively at the 
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height of the two others. It is well Icnown that 
wherever a lake or fiord exists swrounded by steep moun- 
tainsj subject to disintegration by frost or the action of 
torrents^ some loose matter is washed down annually^ 
especially during the melting of snoWy and a check is 
given to the descent of the detritus at the point 
where it reaches the waters of the lake/ 

Now here is a denudation not longitudinal^ or, as 
Lyell has just said, from ' the action of torrents,' or, 
as Professor Sedgwick would say, * acting on lines,' 
but lateral. It is a denudation of an enormous breadth 
of \)Sl'Side. For, as Lyell says, these terraces extend 

* over a space of many leagues in length,' and ' they 
are from ten to sixty feet broad.' 

And it is not, as Lyell has said, that * a check 
is given to the descent of the detritus at the point 
where it reaches the waters of the lake,' but that 
all denudation ceases there. Subaqueous regions 
are indeed the regions of deposit^ as subaerial regions 
are the regions of denudation. But deposit takes 
>place at the bottom, not at the top of the water ; 
and these terraces are not formed by the accumu- 
lation of deposit, but by the absence of denuda- 
tion compared with the parts above them. The 

* detritus' from the denudation, instead of being 
arrested ' at the point where it reached the waters 
of the lake,' went to the bottom of the lake, and 
has long since been cleared out of the valley by the 
same power which brought it in to the valley— rain. 
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If these philosophers are all agreed (and who will ^j 
disagree with them ?) that this enormous denuda- Jj^^^ 
tion of the hill sides and tops took place in former ^^^ 
days, should they not give us some reason why it 
sliould have ceased in these days ? 

This was so printed in 1857, but since that time 
the once sane Lyell has gone into all the insanities* 
of glacialism. He now asserts : 

Arduiii 
ProQOB rolabi potuto rivua 
MontibuB, ot Tiboriin rovorti. 

He now builds up ^ ice-dams/ to turn tlie water back 
tlie wrong way» over the water-partings or so-called 
coh t And since tliat time I have had tlie pleasure, 
on the 18th September, 1863, to walk up Glen Roy, 
and I published the following in the Athenaeum • * I 
think that these terraces are twt tlie remains of 
shores of any kind, either sea-shores or lake-shores. 
They are the remains of * patches of alluvial plains/ 
Years ago {* Rain and Rivers,' pages 4 and 227 of 

^ I have been reproaohod for the use of ihia word in the 2nd 
edition. Lot thoroador judgo. Agassis (Edinburgh Phil. Jour.) says: 
' A crust of ioe ooverod the suporfioies of tho earth, and enveloped in 
its rigid mantle the remains of organisms which but a moment before 
had been eigoying existence on its surface. In a word, a period ap* 
peared in which tho greater portion of the earth was covered with a 
mass of firoxen water, a period in which all life was annihiUted, every* 
thing organic waaput an end to— -the Glacial Period.* Again, in his 
account of his travels in Hraxil, published in 1868, he tells us that 
the valley of the Amaxon, perhaps 4000 miles long, with all its afflu« 
ents, was one glacier, ending tU the level of the $ea utuler the equalor. 
Would it be more insane to tell us that the sun was a snow-ball ? 
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this edition) I described at length the birth, life, and 
death of these transitory alluvial plains. But I was 
not till now aware of their disposition to set up their 
own gravestones. Shortly, these alluvial patches come 
and go thus. Every barrier of hard rock which crosses 
the bed of a river or valley becomes a negative key 
to the depth of the river and valley above the bar- 
rier. Thus deep shalt thou go and no deeper. But 
as denudation is ever at work, the bed of the river 
and of the soft valley above the barrier becomes hori- 
zontal at the same level as the barrier. The flood 
waters are checked at the barrier, overflow the hori- 
zontal plain, and form an alluvial patch. The barrier 
sinks and is widened from erosion. The alluvial patch 
is no longer overflowed. The river is confined between 
walls of its own building. It sets to work to tear 
them down. It carries oflf the alluvial patch which 
it had deposited till it leaves only two terraces 
against the hill-sides. Countless ages may elapse 
while these vast alluviums are vanishiug by the 
erosion of rain. And during that time that part of 
the hill-side on which they rest is protected from denu- 
dation^ while the part above is exposed to denudation. 
So that, after the alluvial terrace has entirely vanished, 
a terrace of the natural rock remains. This may 
continue visible for countless ages more. I think that 
this is the case in many parts of the upper terraces 
of Glen Hoy, and possibly in the upper terrace of the 
JFraser JRiver, shown in the cut from Lord Milton's 
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work. Having cleared a horizontal plain below 
the level of these terraces and at the new level of 
the barrier, the river again floods over and begins 
a new alluvial patch below the two parallel terraces. 
We only want eyes to see that parallel terraces are 
being formed in this way, at this instant, along the 
beds of Glen Boy and Glen Spean, and these recent 
terraces are composed of the same materials as the 
ancient ones. In Lyell's elements two of these 
lower terraces by the river-side are actually de- 
lineated. But I was thoroughly astonished at the 
multiplicity of terraces with which the hill-sides are 
scored. From Sir T. Dick Lauder's drawing, and 
Mr. Jamieson's map, given in Lyell's ' Antiquity of 
Man,' one would suppose that there were at most three 
terraces. So that one must imagine the valley to 
have been emptied of water or hollowed out of the 
land at three swoops — at a hop, a step, and a jump. 
Whereas the name of the terraces is legion. Look- 
ing from the inn door at Boy-bridge on your rights 
is a very broad terrace on which stands the farm 
of Achderrig. Follow the road towards Bohinnie 
along the side of this terrace ; you will find it cut 
into several minor terraces, each with its corre- 
sponding terrace on the other side of the valley. As 
you walk up Glen Boy you are always accompanied 
by from five to ten terraces, ever beginning, ever- 
ceasing. They are in every stage of existence and of 
vanishment. In some places it may happen that on 




16 TEEEAOES OF GLEN EOY tn. II. 

one side of the valley the terrace is only faintly deli- 
. neated, or perhaps obliterated, while on the opposite 
side there is a large patch of alluvial plain still left. 
That no writer should have mentioned the multiplicity 
of these terraces, is to me wholly unaccountable. For 
it is the ' open sesame ' of the secret of the forma- 
tion of the terraces, besides showing the extreme gra- 
dualness of the erosion and formation of the valley. 
If anyone wishes to see the causes which formed 
our valleys still hard at their work, let him visit 
Glen Boy and Glen Spean. I do not doubt that 
terraced alluvial patches are very general affairs, and 
that indications of them, more or less clear, will be 
found in all river valleys which have rapids or 
gorges. 
Terroces^f So pubUshed iu thc two first editions. Lord Mil- 
^^®'' ton and Dr. Cheadle, in their * North- West Passage 
by Land,' tell us of the parallel terraces of the 
Fraser, Thompson, Athabasca, Kootanie, Columbia, 
^the rivers of California and Mexico, and wind up 
thus : ' It is worthy of remark that in nearly every 
instance where these terraces have been found in 
various countries they occur in three successive tiers, 
as in those of British Columbia, which would seem 
to mark as many separate epochs when important 
geological disturbances took place.' Yet Lord Mil- 
ton's own drawing of these terraces gives four terraces 
instead of three ! That the fourth or lowest terrace 
bordering the river is a * river haugh,' and is formed 
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by the overflow and deposit of the river, no one will 
dispute, and, if so, why not the terrace above it or 
the three teiraces above it ? The two conical moun- 
taina which 

Like giants stand 
To sentinel enchanted land, 

mark where the narrow gorge begins below the wide 
alluvial flat. But the whole of these conical moun- 
tains, on which the remains of the terraces rest, exist 
only as the remains of the beds which have formerly 
surrounded them ; and, as I have said of the Weald 
Hill and the North and South Downs — those all- 
powerful chemists and excavators, air and moisture, 
rain and rivers, have as much formed these cones as 
the sculptor has formed the statue out of the Parian 
or Carrara block. And the human and the natural 
operators have worked on the same principle — ^that is, 
by the abstraction of external parts ; and these cones 
stand out a magnificent monument of the enormous 
masses which have vanished by the disintegration of 
the atmosphere and the erosion of rain and rivers. 
These cones, however, though the monument, are 
by no means the m^easure of this denudation, since 
they have themselves been melting away for * an eter- 
nity of time,' and are day by day vanishing tenites in 
auras at this instant. All this is going on now all 
over the world and all day long. These simple yet 
sublime truths are beneath the contempt of poor 

marvel-mongering human nature. We must have a 

c 
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cataclysm^ or a glacial epoch, or a wave of translation, 
or a diluvial period, or a boulder period, or a drift 
period, or a gravel period to account for ^very heap 
of rain-wash. 

Any one may make * parallel terraces ' for himself 
in the road-side gutter. Dam the run of rain ; a pool 
will form above the dam. Every rain will deposit on 
the bed of the pool, till the flat alluvium rises to the 
height of the dam. Take away the dam. The run 
of rain cuts through the alluvium which it has de- 
posited, and runs between two parallel terraces till 
they vanish by denudation. This is the whole secret 
of the terraces of Glen Koy, or of any other valley or 
river. Neither 4ce-dam,' nor * glacial epoch,' nor sea- 
shore, nor lake is required. Dr. Adams found such 
deposits at the second cataracts of the Nile, 130 feet 
above its present bed. The principle of the formation 
of the bluflfs of the Mississippi, the loess of the Khine 
and Danube, &c., may be exactly shown in the way- 
side puddle. 

In chalk valleys the material of which is of uni- 
form softness, single terraces, that is, on one side of 
the valley only, may be formed by the river eroding 
the soft side of its channel, deepening the valley, and 
leaving its gravel bed as a terrace. So that any num- 
ber of long lines of gravel terraces, which were the beds 
of rivers, or even the beds of rain valleys, may be de- 
posited on the sides of valleys, first on one side of the 
valley, then on the opposite side. Parallel terraces, 
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that is, one on each side of the valley, may be ancient 
shores ; but the vast majority are the remains of allu- 
viums where no lakes have ever been. These patches 
result from alternations of hard and soft strata, and as 
sure as there are alternations of hard and soft strata 
in the course of a river or valley, so sure will there 
be alternations of gorge and alluvial flat. For all 
alluvial flats are formed by the stoppage of the lower- 
ing of the valley. The valley above the stoppage is 
then worn down horizontal. The rain flood waters from 
the sides and inclined parts of the valley, checked at 
the flat plains, overflow and deposit alluvium* The 
sea stops the lowering of every valley, therefore the 
bed of every valley is flat and alluvial at the end next 
the sea. But besides this marine or main alluvial 
plain, a valley may have any number of what I havel 
called patches of alluvial plain at any distance from the 
sea. These patches occur above every hard stratum 
which crosses the course of the valley or river, and 
which stops for a time the lowering of the valley or 
river bed. The ' Kames ' of Carstairs result from Scottish 

^^ Kames. 

this. The hard beds of the Clyde and Mouse. Water 

at Lanark were once as high and higher than the 

top of Cartland Crags. This allowed the formation 

of enormous patches of alluvial plains above Lanark 

and Carstairs. As the hard gorges of the Clyde and 

Cartland Crags have been lowered the alluviums have 

been cut through, and are vanishing in the form of 

parallel terraces and * Kames.' There are ancient ter-. 

c 2 
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races and alluviums recent and in actual formation in 
the long and beautiful gorges of the lower Mouse Water 
whenever an interval of soft strata occurs in the 
banks of these gorges. One may be seen from the 
road and bridge immediately above the magnificent 
gorge through Cartland Crags. Another immediately 
above the almost equally magnificent gorge beginning 
at Gleghom Bridge, Man has run his roads and has 
bridged the river at these two crossing places of na- 
ture. Below Cartland Crags vast alluviums have 
always (that is, for millions of years) existed above 
Stonebynes Falls, caused by the hardness of the rocks 
there. The remains of these alluviums are still to 
be seen on the hillside, like parallel terraces pictured 
by Lord Milton, and modem ones are still growing 
from the same cause. Indeed, the singularly hard 
Devonian conglomerate rocks at Stonebynes Falls 
still give the level to the bed of the Mouse Water 
through Cartland Crags. Above the falls of the 
Clyde at Bennington the river becomes smooth and 

X 

sluggish about TuUyford with new alluviums, and 
the banks are terraced with old alluviums of sand with 
pebbles. While where the railroad from Lanark to 
Douglas crosses the river the country is one wide 
sea of ancient terraced alluviums. These extend over 
the hills between Lanark and Carstairs (by Ea- 
venstmther), so that the water-parting between 
the Clyde and the Mouse Water is farmed by hills 
eapped with these alluviums. Eain and rivers in 
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destroying these alluviums, which they have formerly 
formed, have cut and cross-cut them into every form 
of ridge and knoll. The Clyde, from Carstairs up to 
its source, is at the same work now which it has been 
at for millions of years. That is, it is still cut- 
ting through old and recent alluviums or * haughs ' 
of all ages and at all levels, and forming new ones, 
which it gives, as Aladdin did his lamp, in exchange 
for old ones. This may be seen from the railway at 
express pace. ' Mr. Geikie seems wantonly to intro- 
duce * mystery' and marvel where in nature sim- 
plicity itself reigns. He turns a certain pool among 
.these alluviums into * the crater of a volcano like one 
of those in the EifeL' Now the bed of this volcanic 
pool is formed of the most perfectly water-wom peb- 
bles, and its sides of drifted sand, boulders, and peb- 
bles — ^most remarkable materials for the construction 
of a volcanic crater ! 

The * Plain of York,' immediately above the gorge ®^g» ^ 
of the Humber, results from the alternation of hard ^ p^ 
and soft strata. The hard oolites and chalk of the 
York Wolds on the north, and of the Lincolnshire 
heights and Lincolnshire wolds on the south, have 
formed the gorge of the Humber, which once flowed 
as high and higher than these heights. Li the 
meantime, rain and the rivers have always excavated 
deep flat valleys in the soft Triassic strata west of 
these heights, and have deposited patches of alluvium 
in them, ever varying in height with the ever-varying 
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level of the bed of the Humber gorge. Thus has 
been formed * the Plain of York/ 
Terraces of In his description of the parallel terraces of the 

the Hima- 
laya. Himalaya, Dr. Hooker's facts exactly correspond 

with my theory, that from the alternation of hard and 
soft strata across valleys, an alternation of gorge 
and alluvial flat results: as each gorge sinks and 
widens, the alluvium above is cut into two parallel 
terraces. While on the Tambur river (vol. i.,* 
page 199), Dr. Hooker says : * I was almost startled 
with the sudden change from a gloomy gorge to 
.an open flat.' Page 191, he says: * Above these 
gorges are enormous accumulations of rocks, espe- 
cially at the confluence of lateral valleys, where they 
rest upon little flats like the river terraces of the 
Mywa/ Now these * lateral valleys' (longitudinal 
as regards the stretch of the strata) are simply the 
consequence of the erosion of rain and rivers in the 
soft strata above or behind the hard gorges, as I first 
said of the lateral valleys in the Weald clay above or 
behind the gorges of the North and South Downs. 
In his description of the terraces of the Yangma 
valley (page 219, ibid.), Dr. Hooker begins with a 
gorge : * The scenery was wild and very grand, our 
route lying through a naiTow gorge choked with pine 
trees, down which the river roared in a furious tor- 

* Himalayan Journals. Notes of a Naturalist in Bengal. The 
Sikkim and Nepal Himalayas. By Joseph Dalton Hooker, M.D.B.N. , 
F.E.S., London, 1855. Published by John Murray. 
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rent/ * The path was very bad ; often up ladders 
and along planks lashed to the faces of precipices, 
and overhanging the torrent which it crossed several 
times by plank bridges/ Above this gorge, and above 
other ^ contracted parts of the valley/ came his sup- 
posed ancient lake beds and the parallel terraces which 
he depicts, and of which he says (page 233) : ' On 
the opposite flank of the valley were several terraces, 
of which the highest appeared to tally with the 
level I occupied, and the lowest was raised very little 
above the river ; none were continuous for any dis- 
tance, but the upper one in particular could be most 
conspicuously traced up and down the main valley, 
whilst on looking across the eastern valley a much 
higher but less distinctly marked one appeared on 
it/ (See woodcut, copied from Dr. Hooker's work). 
In fEU^t, the terraces have nothing to do with lakes. 
They are all the remains of ancient alluvial plains, 
as we should call them, or of * river haughs,' as 
the Scotch would call them ; and * the lowest very 
little above the river ' is a river haugh now in actuid 
formation from the yearly floods of the river, and 
from the waste and erosion of the terraces above it. 
And all these terraces are at this moment on their 
way to the alluviums below, to the delta of the 
Ganges, to the bay of Bengal, and to the Indian 
Ocean, under convoy of rain and rivers, as much 
as the run of every other hill-side is on its way to 
the valley below, and from the valley below to the 
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Bea at the end of the valley. The terraces are for 
a time arrested by the hard gorges ; but as the hard 
gorges go, the terraces go. So far Dr. Hooker's 
facta and my theories agree. At page 222, ibid.. 
Dr. Hooker tells ns that, ' being familiar with sea 
ice and berg transport during my voyages in the 
south polar regions,' his theory is that Bemi-tropical 




Indian land mast have been formed nnder a polar 
sea ; and that once npon a time * a glacial ocean stood 
high on the Himalaya, made fiords of the valleys, 
and floated bergs laden with blocks from the lateral 
golleyB, which the winds and currents would deposit 
along certain lines.' 

Yet, if I wished for facts in favour of the present 
-erosive powers of suhaerial agents against that of 
ancient glacial sea, Dr. Hooker is the witness that I 
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should call. I might quote from almost every page 
of his journey to the Donkia Pass. Thus in vol. ii. 
page 41, he talks of 'the prevalence of land-slips, 
which descend sometimes 300 feet, carrying devasta- 
tion along their course. They are caused by the 
melting of the snow-beds or by the action of the rains 
on the rocks. This phenomenon is as frequent and 
destructive as in Switzerland.' Again at page 76, 

* Huge masses were ever and anon precipitated into 
the torrent with a roar that repeatedly spread con- 
sternation amongst us. During rains especially, and 
at night when the chilled atmospheric currents of air 
descended, and the sound was not dissipated as in 
the day time, the noise of these falls was sufficiently 
alarming. My tent was pitched near the base of the 
cliflf and so high above the river that I had thought it 
ieyond the reach of danger. But one morning I found 
a large fragment of granite had been hurled during 
the night to my very door; my dog having had a most 
narrow escape. I have seen few finer sights than 
the fall of these stupendous blocks into the furious 
torrent, along which they were carried amid feathery 
foam for many yards before settling.' Page 78, 

* The rivers were much swollen, the size and number 
of the stones they rolled along, producing a deafen- 
ing turmoil.' Page 97, * We were suddenly startled 
from our repast by a noise like loud thunder, crash 
following crash, and echoing through the valley. 
The Phipun got up, and coolly said, * The rocks are 
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falling: it is time we were off, it will rain soon.' 
The moist vapours had by this time so accumulated 
as to be condensed in rain on the cliffs of Chomiomo 
and Kinchinjhow, which loosened and precipitated 
avalanches of rocks and snow. We proceeded 
amidst dense fog, soon succeeded by rain, the roar 
of falling rocks on either hand increasing as these 
invisible giants spoke to one another in voices of 
thunder through the clouds. The effect was in- 
describably grand.' Page 112, * Terrific land-slips 
had taken place along the valley, carrying iovm acres 
of rock, soil, and pine-forest into the stream, and I 
saw one which swept over 100 yards in breadth of 
forest. The bridge at the Tuktoong being carried 
away, we had to ascend 1000 feet to a place where 
the river could be crossed. In many places we had 
great difficulty in proceeding, the track being oblite- 
rated by the rains and landslips. Along the flats, 
now covered with a dense vegetation, we wadbd 
often knee deep in mud.' Page 126, * Broad flats 
clothed with rhododendron, alternated with others 
covered with mud, boulders and debris which had 
flowed down the gorges on the west, and which still 
contained trees inclined in all directions, and buried 
up to their branches. Some of these debacles were 
400 yards across, and sloped at an angle of 2*" to S"", 
bearing on their surfaces blocks fifteen feet in 
diameter. They seem to subside materially, as I 
perceived they had left marks many feet higher on 
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the tree trunks. Such debacles mnst often bury 
standing forests in a very favourable material^ 
climate^ and position for becoming fossilised. Page 
126, ^ Enormous masses of rocks were continually 
precipitated from the west side close to the shed in 
which I had taken up my quarters, keeping my 
people in constant alarm and causing a great commo- 
tion among the yaks, dogs, and ponies/ Page 127, 
' Shoots of stones had descended from the ravines/ 
Page 128, 'Beyond this the path crossed the river 
and ascended rapidly over a mile of steeply sloping 
landslip, composed of angular fragments of granite, 
which were constantly fsdling from above and were 
extremely dangerous/ Page 158, ' The whole 
valley was buried under a torrent or debacle of mud 
and boulders, and half a mile of its course waa 
dammed up into a deep lake/ Page 154, ' I met 
my friend on the other side of the mud torrent/ 
Page 184, ' I descended obliquely down a very steep 
slope over upwards of a thousand feet of debris, the 
blocks on which were so loosely poised on one an- 
other that it was necessary to proceed with the 
utmost circumspection, for I was alone, and a fEdse 
step would almost certainly have been followed by 
breaking a leg. The alternate freezing and thawing 
of rain amongst these masses mnst prodnce a con- 
stant downward motion on the whole pile of debris 
(which was upwards of 2000 feet high) and may 
account for the otherwise unexplained phenomenon 
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of continuous shoots of angular rocks reposing on 
very gentle slopes in other places/ 

So far for the present erosion of rain and rivers. 
For the present deposit from them take Dr. Hooker's 
description of the Cosi (of which the Yangma is a 
tributary) where it runs out of the Himalaya and 
into the Ganges, page 86, vol. i., * Even at this 
reason (April, the end of the dry season) the enor- 
mous expanses of sand, the numerous shifting islets, 
find the long spits of mud, indicate the proximity of 
some very restless and resistless power. During 
the rains the scene must, indeed, be extraordinary 
when the Cosi lays many miles of land under water 
and pours so vast a quantity 6f detritus into the bed 
of the Ganges, that long islets are heaped up and 
Bwept away in a few hours ; and the latter river be- 
comes all but unnaVigable. Boats, are caught in 
Whirlpools formed without a moment's warning, and 
sunk ere they have spun round thrice in the eddies.' 
But from the above and from what follows, one 
would think that Lyell supposes denudation of hills 
only to go on in the neighbourhood of sheets of 
water and lakes, that is, * wherever a lake or fiord 
exists;' and that, when the sheets of water have 
vanished, or the lakes have been filled up, the de- 
Lakeof nudation ceases. For he describes (* Elements,' 
first filled chapter xvi.) the filling up of the enormous ancient 

withallu- ^ ' ox 

liiTkto^'' lakes of Auvergne by the denudation and deposit 
JJ^ey^by from the wash of rain. But he neglects to infer 
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that the same denudation must still go on th^re^ and nm^ 
deposit from that denudation somewhere ; and that 
this denudation of land and deposit in water must 
pervade the entire terraqueous globe. 

Page 362, he \mtes : * Before entering on any 
details, I may observe, that the study of this region, 
and of the others above alluded to, possesses a pecu- 
liar interest, very distinct in kind from that derivable 
from the investigation either of the Parisian or Eng- 
lish tertiary strata/ 

(0^4? cause of ' peculiar interest * is, that the de- 
posits have been inland ; that is, by comparison, on 
land, and therefore contains the fossils of the ani* 
mals which inhabited the land. This is referred to 
hereafter particularly in Chap, nr.) 

* For we are presented in Auvergne with the 
evidence of a series of events of astonishing magni- 
tude and grandeur, by which the original form and 
features of the country have been greatly changed, 
yet never so far obliterated but that they may still, 
in part at least, be restored in imagination. Great 
lakes have disappeared ; lofty mountains have been 
formed by the reiterated emission of lava, preceded 
and followed by showers of sand and scorise ; deep 
valleys have been subsequently furrowed out through 
masses of lacustrim and volcanic origin. At a still 
later date, new cones have been thrown up in these 
valleys ; new lakes have been formed by the damming 
up of rivers, and more than one creation of quadrupeds^ 
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birds, and plants have followed in succession ; yet 
the region has preserved from first to last its geo- 
graphical identity ; and we can still recall to onr 
thoughts its external condition and physical stractnre 
before these wonderfdl vicissitudes began, or while a 
part only of the whole had been completed. There 
was first a period when the spacious lakes, of which 
we still may trace the boundaries, lay at the foot of 
mountains of moderate elevation, unbroken by the 
bold peaks and precipices of Mont d'Or, and un- 
adorned by the picturesque outline of the Puy de 
Dome, or of the volcanic cones and craters now 
covering the granitic platform. During this earlier 
scene of repose, deltas were slowly formed ; beds of 
marl and sand several hundred feet thick deposited ; 
siliceous and calcareous rocks precipitated from the 
waters of mineral springs ; shells and insects im- 
bedded, together with the remains of the crocodile 
and tortoise, the eggs and bones of water-birds, and 
the skeletons of quadrupedsj some of them belonging 
to the same genera as those entombed in the gypsum 
of Paris. To this tranquil condition of the surface 
succeeded the era of volcanic eruptions, when the 
lakes were drained and when the fertility of the 
mountainous district was probably enhanced by the 
igneous matter ejected from below, and poured down 
upon the more sterile granite. During these changes 
which appear to have taken place in the miocene 
epoch, the mastodon^ rhinoceros, elephant, tapir, hippo- 
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potamus, together with the ox^ various kinds of deer, the 
bear, hycena, and many beasts of prey, ranged the 
forest, or pastured on the plain, and were occa- 
sionally overtaken by a fall of burning cinders, or 
buried in flows of mud, such as accompany -volcanic 
eruptions. Lastly, these quadrupeds became extinct, 
and gave place to the existing creation. There are 
no signs during the whole time required for this series 
of events of the sea having intervened, nor of any 
denudation which may not have been accomplished by 
currents in the different lakes, or by rivers, and floods 
accompamjing repeated earthquakes, during which the 
levels of the district have in some places been 
materially modified, and perhaps the whole upraised 
relatively to the surrounding parts of France.' 

Notwithstanding that * there are no signs of the 
sea having intervened,' Lyell says that these * lacus- 
trine strata, which must have filled a hollow, have 
been denuded and shaped out into hills and valleys 
on the site of the ancient lakes.' 
This 18 Here Lyell is not only in direct contradiction to 

contrary 

^^r^di his submarine theory of the formation of valleys, but 
StSr^ also to his anti-catastrophe system, and his * causes 

mibaerial . f 9 l ni 11 

theoiy. now m Operation system ; and observe how he 
changes from one agent to the other. * During the 
earlier scenes of repose ' he fills his lakes with de- 
posits, and his deposits with fossils, by * causes now 
in operation.' But when volcanoes come on the 
scene to fill the lakes with deposits, he calls in ^ cur- 
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rents in the different lakes, and floods accompany- 
ing repeated earthquakes ;' though, as we shall see 
hereafter, active volcanoes are safety-valves against 
earthquakes. His very fossils are now entombed by 
fire instead of water ; that is, when they are * occa- 
sionally overtaken by a fall of burning cinders, or 
buried in flows of mud, such as accompany volcanic 
eruptions.' Then, to drain the lakes, he darkly re- 
fers to * the era of volcanic eruptions when the lakes 
were drained.' But a little after he says : ' The 
subterranean movements may then have continued 
until they altered the relative levels of the country, 
and caused the waters of the lakes to be drained off, 
and farther accumulation of regular freshwater strata 
to cease.' But he forgets that he had already 
dammed the water out of the lakes by sediment; 
and with regard to *the relative levels of the 
country,' the Loire and the Allier still run through 
the deposits where the lakes were, qua Troja fait, 
with doubtless no farther alteration of level than 
the enormous one produced by these rivers them- 
selves and rain. But for the shaping of these de- 
posits * into hills and valleys ' after * the lakes were 
drained,' Lyell gives no reason at all. 

But grant subaerial denudation and deposit, and 
the filling in of the lakes with drift and alluvium, 
the storing these with fossils of land animals, and 
the cutting of valleys through the deposits, are all 
matters of course and plain sailing. The wash of 
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rain and rivers first fill the ancient lakes with drift 

and alluvium, and the same floods which form the 

whyrai. drift store it with land animals. But while this was 

leys gprow 

wider as doing, and ever since it was accomplished, rain and 
scend. rivers have been eroding the dams or barriers which 
originally formed the lakes. And as these barriers 
were gradually worn away, channels were cut longi- 
tudinally through the deposits which filled the lakes. 
Then come disintegration and the lateral wash of rain 
to widen these channels into valleys. And the lower 
parts of these valleys, speaking longitudinally, and 
the higher parts, speakmg laterally, being gradually 
and in succession earlier exposed to these wasting 
causes, supposing equal hardness of material, disappear 
earlier. This is the cause of the increasing width 
of valleys as they descend ; and the very exception 
proves the rule. For the different parts of the same 
valley are invariably wide directly as the softness 
of those parts, and narrow directly as their hardness. 
This would not be the case if valleys were igneous 
cracks. 

These causes are as hard at work now as they 
ever were. And in future ages rain and rivers will 
abstract from these valleys or ancient lakes every 
particle which in former ages they deposited there. 
This would not be the case if the Adriatic or any arm 
of the sea were filled up, because the sea would keep 
the mouths of the rivers at one level, and prevent 
them cutting channels through their own deposits. 
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Many people consider a valley to be like a teacup ^ 
or the happy valley of Easselas,* without an out- 
let. But valleys are like inclined troughs, open at 
the lower end. A valley is, in my opinion, a water- 
slope or a system of water-slopes, converging to one 
outlet at the sea. In the case of cups or crevices 
without outlets, formed in the original elevation of 
the land, rain instantly begins to fill them with 
water and alluvium. Should either of these roach 
the lowest part of the brim, rain erodes that brim, 
makes an outlet, and proceeds to let off the water, 
or to clear out the alluvium which it has before 
deposited. This holds true from the largest of the 
American lakes (for rivers are suhterranean rain, 
that is, rain reappearing) to the smallest puddle on a 
road. 

In the first announcement in the papers of the AUko.iike 
great exploit of the indomitable explorer Captain ^^^^fj^ 
Speke, it was stated, on the authority of natives, 
that the Lake Nyanza had more than one outlet. I 
ventured to suggest that the native information 
would be found incorrect, and started the principle 
that, owing to the erosion of the barrier or dam, a 
lake can only have one outlet. The principle was 
much discussed, and two lakes. Black Loch in 
Dumfries, and Loch Davie in Arran, were pointed to 
as having two outlets. I visited both, and reported 



* Tliis was a mistake of mino in tho first odition ; tho groat Dr. 
Johnson oontrived an outlet for the water of the Happy Valley. 
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g^y^j^^f that, me judice, each had only one outlet. In the 
^of My course of the discussion, Professor Jukes said that 



nyer. 
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we should not talk of the source of a river ; and I 
so far agree as to think that in talking of it we 
should define what we mean by the source. Every 
spring is a source of a river. My definition of the 
source is that spring, the course of which traced 
through all its windings is the longest to the sea. 
The Komans used the words fons and caput in this 
sense. To say that we must not talk of the source 
of a river is to forbid us to talk of the length of a 
river, or to compare the length of one river with 
another. What is the length of a river but the 
length of its stream from the source to the sea ? 

As might be expected, the ancient alluviums 
formed in hollows on dry land are the grand mu- 
seums of the remains of land animals, as strata de- 
posited in the sea, though equally by the wash of 
rain from the land, are of the marine creation. I 
would here call attention to these facts, which I 
shall allude to again in the eighth and thirteenth 
chapters ; and to the fact, also shown here, that the 
very museums of land fossils are transitory ^ liable to 
be destroyed by the very agent which built them — 
the wash of rain. And because land animals are 
only found in numbers in recent land deposits, it is 
a mistake to argue that they did not exist during 
and even before the period of the deposit of the most 
ancient marine strata. 
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The whole of the thirty-first chapter of the ' Ele- ™i; '"^^ 
ments ' seems written to disprove Lyell's own theory dLt^^^of 
of the submarine formation of valleys, and to prove Fnmoe, 

oontrai^to 

that they are formed by the subaerial denudation of J^^*^^® 
rain and rivers. The following are extracts : — l^blSriaf 

With regard to the Plomb du Cantal, which is a 
volcanic * mountain several thousand feet in height/ 
and which has never been under the sea, and 
therefore should have no valleys : * Valleys radiate 
in all directions from the natural heights of the 
mountain, increasing in size as they recede from 
those heights. Those of the Cer and Jourdanne, 
which are more than twenty miles in length, are of 
great depth, and lay open the geological structure 
of the mountain.' 

Speaking generally, he says : * The lavas may 
often be traced from the crater to the nearest val- 
ley, where they usurp the channel of the river, which 
has frequently excavated a deep ravine through the 
basalt. We have thus an opportunity of contrasting 
the enormous degradation which the solid and mas- 
sive rock has suflfered by aqueous erosion, and the 
integrity of the cone of sand and ashes, which has 
in the meantime remained uninjured on the neigh- 
bouring platform, where it was placed beyond the 
reach of the power of running water.' 

With regard to the Puy de Come, a stream of 
lava fills * the ancient river-channel for the distance 
of more than a mile. The Sioule, thus dispossessed 
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of its bed, has worked out a fresh one between the 
lava and the granite of its western bank ; and the 
excavation has disclosed in one spot a wall of 
columnar basalt about fifty feet high. The excava- 
tion of the ravine is still in progress, every winter 
some colunms of basalt being undermined and car- 
ried down the channel of the river, and, in the course 
of a few miles, rolled to sand and pebbles. Mean- 
while, the cone of Come remains stationary, its loose 
materials being protected by a dense vegetation, and 
the hill standing on a ridge not commanded by any 
higher ground whence floods of rainwater may 
descend. At another point, farther down the course 
of the Sioule, Hhe river has excavated a ravine 
through lava and subjacent gneiss to the depth of 
fom* hundred feet. On the upper part of the pre- 
cipice forming the left side of this ravine, we see a 
great mass of black and red scoriaceous lava ; below 
this a thin bed of gravel, evidently an ancient river- 
bed, now at an elevation of fifty feet above the 
channel of the Sioule. The gravel again rests upon 
gneiss, which has been eroded to the depth of fifty 
feet. It is quite evident in this case, that while the 
basalt was gradually undermined and carried away 
by the force of running water, the cone whence the 
lava issued escaped destruction because it stood upon 
a platform of gneiss several hundred feet above the 
level of the valley in which the force of running 
water was exerted. The brim of the crater of the 
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Fuy de Fariou, near Clermont, is so sharps and has 
been so little blunted by time, that it scarcely affords 
room to stand on. This and other cones, in an 
equally remarkable state of integrity, have stood, 
I conceive, uninjured, not in spite of their loose 
porous nature, as might at first be naturally sup- 
posed, but in consequence of it. No rills can collect 
where all the rain is instantly absorbed by the sand 
and scoriaB.' 

Lyell here acknowledges the denuding power of c«np<u»- 
rain where it can collect in rills. But the porous- ^^^^ 
ness of volcanic cones is not the sole reason, nor tb»S^^. 
even the main reason, why rain cannot collect on 
them. Their shape is the main reason. I en- 
deavoured to show this in the second edition of the 
* Tree-lifter.' I will give one more homely illustra- 
tion of the theory here. 

Suppose a building five yards square, with a single 
roof like a shed, spouted. All the rain fiEklls into 
five yards of spouting. Shape the roof double like 
a gable, the same shed of rain is dispersed over ten 
yards of spouting. Shape the roof like a four-sided 
pyramid, the same shed of rain is dispersed over 
twenty yards of spouting instead of five. 

But cones* and cairns have still greater power 
to disperse rain rills than flat-sided pyramids. And 

* Bruce says of the honseg of Gondar, ^ the roofii thatched in the 
fbnn of cones, which is always the construction within the tropical 
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it is to their shape mainly that volcanic cones owe 
their comparative eternity. Comparatively eternal 
also is the truncation of their shape ; for this must 
remain till they are denuded below the bottom of 
the crater — in many cases many hundred feet ; they 
will then assume the point and appearance of a 
simple cone of denudation. While this denudation 
of the crater is going on, supposing equal hardness 
of material, the rim should remain sharp to the last, 
as Lyell describes many. 

How beautifully distinct at any distance is this 
form of the children of igneous up-throw, whose 
very uniformity makes variety amid forms resulting 
from aqueous down-pour. But to aqueous down- 
pour myriads of them have yielded, and are yield- 
ing, and comparative eternity is the most perennial 
claim which can be made to aught existing on a 
globe, the very being of every department of which, 
organic or inorganic, is dependent on perpetual 
change ; that is, on perpetual disintegration and re- 
production. 

In fact the tendency of disintegration and the wash 
of rain is to form cones out of single hills, and ridges 
out of chains of hills, with projecting spurs, each spur 
being itself a ridge ending in a half cone ; and even 
these ridges are so studded with cones as to have a 
serrated or saw-like outline, and to have earned tha 
modem Spanish, Portuguese, and Italian, name of 
sierra or serra, and to have originated the Latin ex» 
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pression of per juga montium, the very name of hills 
being taken from the yoke-like appearance of con- 
tigaoos cones. And in this sense, rain may be said 
to form hills as well as valleys. For this reason, 
though, as Sir Humphry Davy finely remarks, no 
work of a mortal can be immortal, those works of 
man which approach nearest to immortality are 
cones — ^the pyramid, the tumulus, and the cairn. 
Why do the imber edax and the fuga temporum 
pass with so light a touch over these ? Because 
they begm wiiJi a form which others end in-a 
form which is not deformed even by disintegration 
and the wash of rain. 

Cones are the squares into which nature throws 
soUds to resist the rush of aqueous down-pour. Rain, 
agglomerated in a steep hollowy is Napoleon's con- 
densed column of attack, irresistible save to the Iron 
Duke. 

The precipices and columns of chalk which stand cuffs on 
out abruptly from the sloping banks of the Seine in "*^ 
Normandy, which Lyell considers as renmants from 
the surrounding denudation of the sea, exist only 
because, being harder than the neighbouring chalk, 
they have yielded more slowly to* atmospheric disin- 
t^ation and the wash of rain. Their comparative 
hardness is probably owing to the eflfect of the in- 
filtration of water of petrifying power. Nature is 
a great chemist, and always at work. Air and water 
together are Jier great disintegraters, neither of them 
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singly. In dry air alone perishable materials will 
remain unaltered for centuries, nay, thousands of 
years ; and under water wood will retain the sharp 
edges of the carpenter's work for ages after the 
upper parts have been turned to powder under the 
action of the two powers. And it is astonishing to 
what a depth below the surface these two powers 
together will alter even the hardest rocks. They 
decay into soft mud, earth, clay, or sand. This 
happens on the surface. We see it and believe it. 
Some of us are rather hard of belief that these soft 
substances should become hard again under the sur- 
face ; that is, unless melted by heat, or at least baked 
by heat like a brick. Yet the transformation of the 
soft into the hard without heat goes on under our 
eyes in nature and art daily. In art, stucco, con- 
crete, cement, plaster, and mortar are daily formed. 
In nature, petrifying springs turn the softest materials 
to the hardest in a few hours. Many springs de- 
posit pure flint or limestone. The enormous areas 
over which water impregnated with iron has acted 
as a cement may be seen by the red and yellow 
colouring of strata. Place a piece of iron in sand 
exposed to the elements, and it forms a mass of 
stone. By the action of heat the purest looking 
water daily encrusts our kettles and cauldrons with 
intensely hard stone. 

But though Lyell describes these rocks as having 
* a crystalline texture like marble,' he also describes 
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them as being, even at this moment, suffering de- 
cay and disintegration, and as exhibiting ^ a white 
powdery surface,' and again as being ^ in a state 
of slow decomposition, either exfoliating or being 
covered with powder, like the chalk cliffs on the 
English coast/ 

To account for the rarity of these so-called ma- 
rine inland cliffs, and for their intermittent character, 
Lyell says secondly, Hhat precipitous rocks have 
often decomposed and crumbled down ; ' and thirdly, 
' that many terraces and small cliffs may now lie 
concealed beneath a talus of detrital matter/ 

Here we get subaerial denudation and its effects. 
And this is the true history of all denudation. These 
taluses are of very constant occurrence, as I stated 
in the second edition of the * Tree-lifter,' and may 
be shown where they do occur, because they are un- 
stratified. But what formed them but subaerial de- 
nudation ? Or in plain English, the decay of the 
faces of the precipices, or *the run of the hills,' 
above them, or both. 

In general the philosophic and the unphilosophic 
are terribly put out by the powers here claimed for 
* the wash of rain.' Yet when the word * flood ' is 
used, they will allow you to wash away articles of 
any size or description, natural or artificial. A flood, 
however, is simply the effect of rain, as * the flood ' 
was the same. 

If only one year's rain could remain where it fell, 
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the surface of the whole terraqueous globe would be 
covered a yard deep with fresh water. Is this so 
small a cause as to produce no effect ? 
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CHAPTER III. 

DENUDATION OP WEALD RUNS THROUGH EIDGES 

WITHOUT PONDING. 

THE WEALD ORIGINALLY COVEEED WITH TERTIABT STRATA. OEiam 
OP THE DRUID SANDSTONE, TERTIARY STRATA ORIGINALLY UNITED 
THE BASINS OF LONDON, PARIS, AND HAMPSHIRE. THE WEALD 
VALLET, NO VALLEY, BUT A HILL, AND ITS DENUDATION PASSES 
TO TWO SEAS BY NUMEROUS DISTINCT TRANSVERSE VALLEYS. 
THESE VALLEYS WERE MADE BY RAIN AND RIVERS, NOT BY THE 
SEA, NOR BY * MATHEMATICAL EARTHQUAKES.' THE SEA IS ERODING 
THE COAST OP SUSSEX. THE SEA ERODES THE OUTSIDE OP THE 
LAND NOT THE INSIDE. YET THE RIVERS ARE PILLING THEIR 
ESTUARIES. THE GRADIENT OP A VALLEY IS NEVER PERMANENT 
IN ANY PART. HOW RIVERS RUN THROUGH RIDGES OP HILLS EVEN 
WITHOUT PONDING. THE HARD GORGE AND SOFT VALLEY THEORY. 
THE * WEALD VALLEY * MAY BECOME THE * OOLITIC VALLEY.* MAN- 
TELL's * diluvial' VALLEY. THE AXIAL VALLEY OP THE BOTHER. 
ROMNEY MARSH THE DELTA OP THE ROTHER. EMBANKMENT OP 
NEW LAND STILL GOES ON. ONLY MUD GOBS OUT TO SEA. THE 
CHALK PLINTS WHICH COVERED THE WEALD HILL, THE ITCHEN 
ONCE ROSE ON THE WEALD HILL. THE WATER-SLOPE OP THE 
ARUN IS STILL ROBBING THE WATER-SLOPE OP THE ITCHEN. 
ROMNEY AND HYTHE ONCE CINQUE PORTS. THEY NOW BEAR 
SHEEP NOT SHIPS. 

To denude the Weald, Lyell uses his own subma- 
rine theory, but not alone. Fiat mixtura. He adds a 
quantum sufficit of the mathematical earthquake sys- 
tem of Messrs. Martin and Hopkins. Later in the 
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day, in Calabria, we shall find the dose of earthquake 
made up with aqua pura, that is, with * running 
water,' or the erosion theory. 

In the original elevation of the Weald district, 
the igneous action was strongest from east to west 
along the centre of the yellow Hastings sand, 
No. 5, where * Forest Eange ' is marked in the 
map ; so that it formed there what is called an anti- 
clinal line or axis; that is, the beds or strata 
were raised highest along the ridge, and inclined or 
dippedf like a bam roof, both ways, to the north 
and south, while they stretched to the east and west. 
The conventional term ' line of strike ' is a bad 
translation by sound instead of by sense, from the 
German streichen^ and means line of stretch. 

The lips of the light blue Weald clay, No. 4, ori- 
ginally joined over this ridge of the Hastings sand ; 
those of the green lower greensand. No. 3, over the 
Weald clay; those of the dark-blue gault, No. 2, 
over the lower greensand ; and those of the light 
coloured chalk and upper greensand. No. 1, over the 
gault. 
The Weald Lycll thiuks that the pink tertiary strata did not 

originally 

cohered joiu ovcr thc chalk, because they may have been de- 
tiary strata, p^gi^g^ from hjg favouritc marine denudation after 

the chalk was raised. He writes : * This idea re- 
ceives some countenance from the fact of the tertiary 
strata, at their junction with the chalk and the 
London and Hampshire basins^ often consisting of 
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dense beds of sand and shingle, as the Addington 
hills, near Croydon. They also contain occasionally 
fresh-water shells, and the remains of land animals 
and plants, which indicate the former presence of 
land at no great distance, some part of which may 
have occupied the centre of the Weald.' The very 
facts which Lyell here adduces to prove these beds 
to be the result of his favourite submarine denuda- 
tion, I think prove them to be beds of drift, deposited 
on dry land, from subaerial denudation, that is, the 
wash of rain. 

This subject, under the head of drift and alluvium, 
will be considered in the fourteenth chapter. But 
as mistakes are constantly made between drift, al- 
luvium, and tertiary strata, and as it is perhaps 
impossible strictly to distinguish between them, I 
will state here the sense to which I shall endeavour 
to confine myself when I use the words. Drift is 
coarser alluvium, driven along the beds of rivers or 
overflows by strong floods, and deposited on land, or 
left in valleys, where the finer materials have been 
washed away, in both cases unstratified. Alluvium 
is finer drift, partially stratified, deposited on landj 
from materials held in suspension by water running 
or standing for a time. The deposits of alluvial plains 
are alluvium, though enormous quantities of drift 
may be mingled with them. Tertiary strata are 
deposits from water in water ; but so are all new 
alluviums in the sea and in lakes. Nay, in lakes 
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the deposits near the shores partake very much of 
the character of drift, beyond this of alluvium, and 
in the centre they are perfectly stratified. Where 
are we to draw the line in these cases ? and especi- 
ally where are we to draw the line between new 
alluvium in the sea and tertiary strata ? There is, 
however, a clear line between deposits on land and 
deposits in water ; and to deposits on land I confine 
the words drift and alluvium. The enormous beds 
of drift and alluvium deposited on land, contiguous 
to river-courses, and resulting from the formation 
of valleys, &c., are constantly quoted as tertiary 
strata. 

I contend, however, that the lips of the pink 
tertiary strata must have joined over the chalk, 
making these strata of the London basin and the 
Hampshire basin continuous over the Wealden ridge 
(not valley). The Alton hills, which form the west 
border of the Wealden region, are still capped with 
Origin of the last remains of tertiary strata. And doubtless 

the Pruid 

sandstone, ^jj^ so-callcd Druidical sandstones and conglomerates 
of this otherwise chalk district are remnants of these 
tertiary beds. 

In the horse monument at the foot of Brookwood 
Hill, I brought the largest of the sandstones from 
the top of the clay-capped chalk ridge north of the 
road between East and West Meon. The next 
largest flat one I dug out from two feet below the 
surface of the drift -gravel on the east side of Bram- 
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dean. It may, perhaps, have never moved hori- 
zontally, or very slightly, but have been gradually 
and constantly undermined during the excavation of 
the valley, and so let vertically down. A large 
stone so situated may be rounded by the passage of 
water, sand, and small stones in floods, and by the 
action of the atmosphere, and so assume the form of 
a huge boulder without having been itself moved. 
And where extensive regions of soft strata vanish by 
denudation, they will leave any accidental rocks or 
hard parts of their contents behind them in the form 
of huge boulders. 

To illustrate this in a small way : the drift at the 
bottom of one of our Hampshire deans or valleys 
may contain a sifted assortment of the contents of 
the whole mass which once was above the valley, as 
well as * the run of the hills ' which now form its 
sides ; so that, of two flints there lying in contact, 
one may be the untravelled, angular nodule of the 
secondary chalk, the other the travelled, rounded 
pebble of the tertiary clay. 

A large sandstone may be seen in the cutting for 
the road on the brow of Filmere Hill, between West 
Meon and Alton, with perhaps fifteen feet of clay 
above it. This is no hunch (in mining terms) of 
clay, but extends on all sides, except where valleys 
interfere. Indeed, I think it may be traced on the 
tops of the hills from the London to the Hampshire 
basin. At any rate, it extends in the direction of 

£ 
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Froxfield, where many other such stones protrude 
from the clay, to the very border of the Wealden 
region. Since this was published I have added many 
of these stones to the horse monument. They were 
blown to pieces to get them out of the way of the 
owner's plough. They vary from the finest and 
purest sandstone to coarse conglomerate, and clearly 
show their tertiary sea-shore origin. They have 
been run together in nodules by water unpreg- 
nated with iron, flint, or carbonate of lime, and in 
great storms have been washed out into the deep 
water where the clays were in deposit like the sand 
of the 'plastic clay and sand.' In tJte mterior 
of these stones are many holes with loose sand and 
rounded pebbles which the petrifying water did not 
reach. 

Between Botherfield and Alton, in Brightstone 
(Bridestone)* Lane, is a coUedtion of large conglo- 
merate stones. 

* Brida, or Fraida, or Freia, or Friga, was the Saxon planet and 
Goddess Venus, who gave her name to Friday (dies Veneris, Ve- 
» nerdi). She was Christianised and canonised under the name of St. 
Bride and St. Bridget, or St. Fraid, and was the virgm as well as 
Venus. Woden was the Saxon planet and god Mercury, who gave 
his name to Wednesday (dies Mercurii, Mercordi). He was canon- 
ised under the name of St. Michael, and was Mithras as well as 
Mercury. All that was sacred in Sabiism, that is, in the Mithraic, 
or planetary, or astral, or Dmidical, or fire worship, was divided 
between these two Christian saints. Bride-stones and Bride-weUs 
(springs) are universal. The origin of the name of Bridewell for a 
prison, is that the Royal palace in London of St. Bride's-well in 
Fleet ditch, became the great city prison. The parish of St. Bride 
is the parish of St. Venus. 
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The chalk hills of the opposite coast of France Tertiary 

'^^ strata 

and Belgium, and the banks of the Seine in Nor- ^g^^^ 
mandy, are also still undenuded of their cap of i^^f 
tertiary strata ; and, according to my view, it is very Hamp. 

shire. 

probable that these strata of the Paris, the London, 
and the Hampshire basins once united over the chalk. 
But as we may almost say that the Weald is at the 
'present time surrounded by tertiary strata, there is, I 
think, every presumption that in former tim£s these 
strata covered this * valley of denudation,' as Lyell 
calls it. A more complete misnomer, however, ^^^ 
. could not be. Every valley, indeed, is a valley of ^f\,^ 
denudation ; which denudation has passed out of the * 
valley through a single outlet or waterslope. For it 
is an essential characteristic of valleys, trunk or 
branch, that however infinite the tracery, and how- 
ever countless the number of their ramifying upper 
inletSj each and every valley can have but one lower 
outlet. I speak as regards the flow of water and of 
denudation. 

But the Weald is no valley at all. If it is any 
one thing, it is the reverse of a valley. It is a hill 
with, if not a quaquaversal dip, at least a quaqua- 
versal waterflow ; that is, its waterflow and denuda- 
tion, like those of most other large hills, are caiiied JenJdltiott 
to the sea by a great number of distinct trunk Slf^ftLuby 

numerous 

valleys. And actually the four southern valleys of ^^^ 

this * valley of denudation ' discharge themselves '^*^' 

into the English Channel, the five northern ones 

E 2 
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into the Thames and Gennan Ocean, while the 
eastern Bother forms a delta of 60,000 acres under 
the name of Bomney Marsh. 

No one who knows the alphabet of physical geo- 
graphy can cast his eye on the foregoing map, taken 
from Lyell's ' Elements,' without seeing this fact. 
But I add Mr. Martin's own particular sketch to 
show how, according to him, the * Weald valley ' 
consists of the very top of the * Forest Ridge ;* the 
exact summit which separates the north and south 
waterslopes, and which it is the present fashion to 
call a portage. And if anything can be the exact 
reverse of a valley, a portage is the exact reverse 
of a valley. 

The Humboldtian Keith Johnston explams the 
meaning of the word portage. Navigators have 
there, he tells us, * the advantage ' of being obliged 
to carry their vessels, as well as their cargoes, over- 
land from the river on one side of the portage to the 
river on the other side. 

But whether the Weald hill was originally capped 
with tertiary strata or not, it is allowed by all that 
it was capped by the beds which I have enumerated 
from the chalk to the Hastings sand, and that these 
beds have vanished by denudation. Therefore, be- 
fore this prodigious denudation took place, and while 
it was taking place, the ridge above the * Forest 
Bange ' was incomparably the highest ground in the 
region. Naturally, then, the waterflow, whether of 
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the suiface (rain and snow), or from under the surface 
(springs and rivers), would be from this highest point, 
the Forest Eidge, to the lowest point, the sea. And 
this waterflow is not only to the north and south, as 
represented by Mr. Martin ; it is to the east and west 
i?! wJre' ^®^* ^^^^ Tilgate Forest there is a quaquaversal 
SS^liJ waterflow to the sea, by means of many different 
bytheaea. truuk valleys, formed and graduated by the wash of 
rain. And the courses of this waterflow once made 
would be continued during the rise of the land, not- 
withstanding that, owing to a cause which will be ex- 
plained, their starting-point might have been denuded 
some feet lower, not than their beds, but than the 
heights through which their beds pass. That the 
main drainage of the Forest Kidge does pass through 
the North and South Downs, which are masses of uni- 
form structure and hardness, is a fact which of itself 
proves that the waterflow made its own courses. The 
sea could not have made them unless their original 
contents had been softer than their sides. Mr. Mar- 
tin, indeed, points out that the four southern rivers 
are exactly opposite the Jive northern rivers. And 
Mr. Hopkins proves, *by mathematical methods,' 
N°f,^y ,. that ^ cross fractures ' must have occurred where these 

mathemah • 

qn^!"' nine rivers pass through the Downs. And Lyell 
agrees, that, owing to the loosening of the materials, 
the sea has been enabled to make the nine river- 
courses. But, first, any two points are opposite 
one another. But if we take the tortuous lines 
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of the rivers, they are oppositer; for they are oppo- 
site all the points of the compass. And as for 
the eight or nine ^ cross fractures ' there is not a 
particle of evidence for the existence of any one of 
them. 

* The pressure of superincumbent strata of un- 
known thickness and kind, must also be taken into 
account ; and it will not be thought wonderful that 
diluvial action and the operation of more modem 
causes apart, tliere should be so little direct evidence of 
fissure upon the surface/ 

Mr. Martin here talks of little evidence; but he 
actually produces none whatever^ 

It is true that a fracture and a fault are claimed 
in the valley called * the Coombe ; ' but there is no 
river there, nor is the fracture a * cross fracture,' but 
a longitudinal fracture, running east aud west. 

Supposing all these longitudinal fractures to have 
rivers as well as the cross 'fractures,' which on 
mathematical principles they should. 

To one who looked from upper air 

what a pretty effect the symmetrical, fluvial reti- 
culation would have ! like a net on a lady's head. 

« 

What would be the mathematical name which the 
interstices between the intersections would as- 
sume ? 

The pompous* Humboldt cracks out his conti- 

* ' Professus grandia target.* In almost the first words of the 
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Cause of 
the direc- 
tion of 
rivers and 
ralleys. 



nental watercourses still more ridiculously. Indeed, 
his ideas on the subject appear to me like the 
ravings of madness. It may be asked, Why then 
waste time on the ravings of madness ? and I beg 
pardon for doing so. But the reply is, that in dis- 
cussing the theory of rivers and the formation of 
valleys, the opinions of Humboldt cannot be passed 
in silence, and particularly when (alas !) we find 
Lyell sharing in those opinions. 

Humboldt writes (* Cosmos, Physical Geogra- 
phy ') : ^ The main direction of the whole continent 
of Europe (from south-west to north-east) is opposite 
to that of the great fissures which pass from north- 
west to south-east, from the mouths of the Rhine 
and the Elbe, through the Adriatic and Red Seas, 
and through the mountain system of Putschi-koh, in 
Luristan, towards the Persian Gulf and the Indian 
Ocean. This almost rectangular intersection of geo- 
desic lines exercises an important influence on the 



I;: 




' Cosmos,* Humboldt declares his intention to describe nature * in 
exalted forms of speech,' He accordingly gives loose to a barbarous 
jargon of words, the mixture of verbis graeca latinis, which Demos- 
thenes and Cicero together would bo puzzled to interpret. I do not 
mean that he is singular in this. Such gaudy frippery may hide 
and cloke the deformity or weakness of the false, but can it deck or 
dignify truth and nature ? Gild refined gold, or throw a perfume 
o'er the violet ! But this nomenclature, or, as Lyell calls it, termi- 
nology, is not only useless, as it conceals the laws of nature (which 
are as simple as they are sublime) behind the double veil of Greek 
and Latin — it is a hideous iniquity, for it efiectually shuts out from 
the vast majority of mankind truths which might be known and 
eJiould be known by every man, woman, and child. 
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commercial relations of Europe and Asia and the 
north-west of Africa, and on the progress of civilisa- 
tion on the forinerlij more flourishing shores of the 
Mediterranean ; ' that is, formerly Rome, Carthage, 
Greece, Phoenicia, and Egypt, owed their civilisation 
to the * great fissure ' formed by the Alps^ the Rhine, 
and the Elbe. And to these we are indebted for the 
present ^ progress of civilisation ' around the whole 
* shores of the Mediterranean.' 

But are there no rivers in Europe save these two 
German ones ? The Dnieper would swallow both. 
And if the Spree and Potsdam had appertained to 
the Dnieper instead of to the Elbe, perhaps the 
Vistula, the Dnieper, and the Black Sea would have 
formed the * rectangular intersection of geodesic 
lines.' The Danube, which would also swallow 
both, and the Po, are in tJie same line as ^ the main 
direction of the whole continent of Europe.' And 
the Volga, which again would swallow both, and 
Don, form * a rectangular intersection ' of Hum- 
boldt's * great fissure.' The * great fissure ' between 
the Adriatic and the Rhine is precisely the highest 
part of Europe — the Alps. 

But is the writer of * Cosmos ' to consider * the 
main direction ' of the land and water of Europe 
separately from that of the land and water of Asia 
(which contains how many of the largest rivers in 
the world), because man has divided this one con- 
tinent into two by a difference of names ? 
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On whicliever side of high land the sea is, the water- 
flow must go to it. This is the sole and simple secret 
of the direction of rivers and valleys. And the prin- 
ciple applies to the inland seas and lakes of central 
Asia, as well as to the great oceans. If the sea is 
close to high land, as the Pacific to the Andes, an 
infinity of small streams run straight to it. If dis- 
tant, as the Atlantic, the infinity of small streams, 
in seeking the sea, fall together, and form large 
rivers, collecting as they go the waterflow of the 
regions through which they pass. The Pacific side 
of the Andes cannot have large rivers. The Atlantic 
side must have large rivers. Thus a long river is a 
strong river, because vires acquirit eundo, and it 
gets wider as it descends. But if river-courses were 
igneous cracks formed in the elevation of the land, 
these cracks of construction should get narrower as 
they descend, and they should die off to nothing at 
the sea. The crack of the River Plate is 170 miles 
wide at the sea ; and, like all other rivers, instead 
of widenmg, as an igneous crack ought, it narrows 
as you proceed inland. The crack of the Amazons 
is at the sea perhaps 150 miles in width, and it is 
three or four miles wide at the foot of the Andes, 
and there narrows to a few hundred yards. If you 
follow one stream, it narrows off to nothing, that 
is to one spring. Does this one spring, with the 
spring on the opposite side of the mountains, form 
* a great fissure ' through the Andes from the Atlantic 



CH. III. THROUGH KIDGES WITHOUT PONDING. 59 

to the Pacific ? And so the thousand springs of 
the Amazons with their opposites a thousand ^ great 
fissures ? ' If so, why do the western halves of 
these ^ great fissures ' run straight to the Pacific sea, 
and their eastern halves converge to the trunk Une 
of the Amazons ? Perhaps Mr. Hopkins will ^ ac- 
count for this hy mathematical methods/ But if 
we consider the entire head of the Amazons as one 
* great fissure ' a thousand miles wide, how comes 
this fissure to be filled with the highest mountains 
of the New World ? 

Take Europe and Asia as one continent, of which, 
in another page, Humboldt himself says, * its major 
axis is almost pai*allel with the equator,' and are 
the rivers of China and the west of Europe at right 
angles with ^ the main direction ' of the land ? If 
we could jump mountains as easily as Humboldt 
does the Alps, we might crack the continent in the 
same line as its main direction, from the Loire or 
Tagus to the Yang-tse-kiang or Amour, by the rivers 
of the Black Sea and Caspian, or in any other direc- 
tion we require. If we trace the * great fissure ' 
from the iEgean, by the Don and Volga, to the Oby, 
besides forming * a rectangular intersection ' with 
Humboldt's * great fissure,' we might account for the 
high state of civilisation of the Crimea and Siberia. 
If you jump from the Japanese, or from the Ira- 
wady to the Yenesei, or to the Irtish branch of the 
Oby, you make a real Cosmical leap, and a * great 
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fissure ' well worthy of Hijmboldt, instead of his 
petty European Alpine hop. 

As every continent is surrounded by sea, any two 
rivers running from any height to opposite seas 
must form a * great fissure,' if we may jump the 
height. If we trace any two rivers from opposite 
seas, to where they nearly meet at their sources, 
we come to a portage. Are a portage and a fis- 
sure synonymous ? I should say that a portage is 
the reverse of a fissure. It is at least the highest 
ground in the neighbourhood, if not on the conti- 
nent. 

I am, however, straining at a gnat in not swal- 
lowing these superficial transverse fissures, which 
pass over and across mountain-fops. Now for the 
camel. Humboldt has seen so far into the mill- 
stone as to discover that every mountain-chain is 
supported by a longitudinal fissure helow it. In 
talking of earthquakes, he says : * As mountain- 
chains appear to be raised on fissures, the walls 
of the cavities may perhaps favour the direction 
of undulations parallel to them.' The great moun- 
tain fissure of the New World extends from within 
the arctic circle to near the antarctic circle — 10,000 
miles. If thermometers were sunk at intervals of 
1000 miles through this fissure into the interior 
of the earth, we might arrive at valuable isogeo- 
thermal (Chthonisothermal) facts. The experiment 
might be first tried at the plain of Malpais, which, 
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with Mount JoruUo at its centre, 1600 feet high, 
was raised by eruption in 1759. Humboldt * attri- 
buted the convexity of the plain to inflation from 
beJow ; supposing the ground, for four square miles 
in extent, to have risen up in the shape of a bladder 
to the elevation of 550 feet above the plain in the 
highest part.'* Or at home we might try it on the 
Weald hill, where, owing to denudation, we must be 
near the ^ fissure ' of construction, or perhaps in this 
case the foundation would be another * bladder.* 

But to return to the superficial fissures of the 
Weald. Of the Arun it may be said, that one of its 

* Humboldt (Cosmos) quotes Plato, Aristotle, Pausanias, Strabo, 
and Ovid to prove that the inside and foundations of mountains are 
wind, and regrets that he cannot quote the non-extant work of 
Theophrastus. He himself translates Ovid^s description of the 
elevation of Mount Methone, in prose, thus : ' The heaving earth, 
inflated by the force of the compressed vapours, expands like a 
bladder filled with air, or like a goat-skin. The ground has 
remained thus inflated.* In a note, Humboldt adds Dryden's 
poetical translation, which gives the mountain a pain in the stomach 
from flatulent colic : — 

* Labours with colic pangs^ and close confined, 
In vain sought issue for the rumbling wind.* 

Humboldt then gives Aristotle*8 own words for * the rumbling 
wind ' (drcyiof and irreO/ua), and ends with Strabo's assertion that, by 
day, it emitted a 'sulphureous stench, but by night evolved an 
agreeable odour.* Humboldt*s commentary on Ovid is, 'this de- 
scription of a dome-shaped elevation on the Continent is of great 
importance in a geognostical point of view.* And on Aristotle, ' in 
this description, the vesicular dUtetision of the earth*s crust, a stage 
at which many trachytic mountains have remained, is very well 
distinguished firom the eruption itself.* And this is the modem 
Pythagoras, the ^fatter by whose word science swears ! 
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arms rnnB from east to west ; another from west to 
east ; and its body from north to south. We can- 
not, then, deny that this river is opposite whatever 
river Mr. Martin pleases. 

Indeed, I am willing to concede that any one of 
the myriads of valleys branching from the Forest 
Eidge, or from the North or South Downs, or from 
the Alton Hills, is opposite to any other which Mr. 
Martin pleases; though I should hesitate to agree 
that any of these valleys resulted from fractures, 
cross or longitudinal. 

The western branch of the Aran (called the 
Bother — ^not that Rother flowing from the Forest 
Eidge eastward) rises at Nore Hill, near Eother- 
field, in Hampshire. So does one branch of the 
Wey. And these two rivers have nothing to do 
with the drainage of the Forest Eidge, but merely 
receive the run of the south side of the North 
Downs, and of the north side of the South Downs, 
and so develop these two ridges behind the gorges ; 
an operation which will be alluded to at the end of 
this chapter. 

I presume that Mr. Martin will have some frac- 
ture, — either a longitudinal fracture, or a cross frac- 
ture, or a diagonal fracture, — for the little stream 
which rises near East Meon, above the P. of Peters- 
field in Lyell's map. It surely is opposite the eastern 
arm of the Aran, or the western and the eastern 
Eother, and forms a * great fissure ' in the same 
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line, and directly along the anticlinal Axis of the 
Weald valley. Or else it is opposite one of the 
branches of the Wey, or else one of the tributaries 
of the Thames above Odiham. However wedded I 
may be to my own theory I cannot deny facts ; 
and Mr. Martin has only to say which of these 
rivers is opposite to this stream, and I can no more 
gainsay it than I can object to the conclusions 
drawn by Mr. Hopkins's ^ mathematical methods.' 
Though I must say that I think that if Nature had 
drawn the lines of valleys by * mathematical me- 
thods/ she would have ruled them straighter than 
Britannia rules the waves, or than the lines of 
actually existent valleys are. 

In Norway and Sweden, raised beaches show that 
the land is rising for the space of about 1000 miles. 
These beaches are found 600 feet above the sea. 
The present rate of rising is thought to be four 
feet in a century. If this had caused * fissures ' or 
* cross fractures,' they should not only be existing 
now, but greatly widening. Yet there are no more 
fissures there than in any other system of valleys. 
It is needless to remark, that a rise of four feet in 
a century would in no way disarrange the drain- 
age of the country. And it has required all the 
sagacity of the greatest philosophers to ascertain that 
this vast operation has taken place, and is still pro- 
gressing. 

I must confess that I have not had an opportu- 
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nity of examining these * mathematical methods ' of 
Mr. Hopkins's. Bat according to my mathematics, 
if the valleys of the river-courses of the Weald 
are igneous fissures, they should grow wider as they 
ascend. They should be widest at the top of the 
Forest Ridge, and should narrow off to nothing at 
the sea on the south, and at the Thames on the 
north, and this irrespective of comparative hardness 
of ground. The reverse of this is the case. Like 
any other waterslopes, these valleys start without 
any fissures at all ; that is, the run of the whole 
surface of the high grounds is first received into an 
infinity of coombs, which havo no permanent 
streams ; and all these coombs, running from every 
direction^ slope into a multiplicity of narrow valleys 
with rivulets, also running in every direction. And, 
like any other waterslope or system of valleys, 
instead of narrowing, they widen as they descend, 
except where the ground is harder than the ground 
above it, that is, up stream of it. The reason for this 
wiU be given immediately. 

Lyell says : * It is evident that these openings, so 
far at least as they are due to aqueous erosion, have 
not been produced by the rivers, m^tny of which, 
like the Ouse, near Lewes, have filled up arms of 
the sea, instead of deepening the hollows which 
they traverse/ 

As these rivers have filled up arms of the sea, I 
have given a reason why they never can deepen 
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their channels at the months as long as the sea and 
land keep their present relative level. More than 
this : instead of deepening their channels, they will 
bnild their banks and beds np higher than they are, 
as the rivers in allnvial parts of valleys always must 
at every overflow. But this subject will be con- 
sidered in the last chapter. 

According to Lyell, the sea is at present eroding ^^S^J^ 
the coast of Sussex. The following is from the sHH^^. 
* Principles.' * About a mile to the west of the 
town of Newhaven the remains of an ancient en- 
trenchment are seen on the brow of Castle Hill. 
This earthwork, supposed to be Soman, was evi- 
dently once of considerable extent, and of an oval 
form, but the greater part has been cut away by 
the sea. The cliffs, which are undermined here, 
are high; more than 100 feet of chalk being 
covered by tertiary clay and sand from 60 to 70 
feet in thickness. In a few centuries the last 
vestiges of the plastic clay formation on the 
southern borders of the chalk of the South Downs 
on this coast will be annihilated, and future 
geologists will learn from historical documents the 
ancient geographical boundaries of this group of 
strata in that direction. On the opposite side of 
the estuary of the Ouse, on the east of Newhaven 
harbour, a bed of shingle composed of chalk flints, 
derived from the waste of the adjoining cliffs, had 

accumulated at Seaford for several centuries. In 

p 
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the great stonn of November, 1824, this bank was 
entirely swept away, and the town of Seaford in- 
undated. Another great beach of shingle is now 
forming from firesh materials. 

^ The whole coast of Sussex has been incessantly 
encroached upon by the sea from time immemorial ; 
and, although sudden inundations only, which over- 
whelmed fertile or inhabited tracts, are noticed in 
history, the records attest an extraordinary amount 
of loss. During a period of no more than eighty 
years, there are notices of about twenty inroads, in 
which tracts of land of from twenty to four hundred 
acres in extent were overwhelmed at once/ 
Yet the With this devastation going on in these days, one 

nven are o o •/ ^ 

St^SiSr' would suppose that if in former days the sea made 
the valleys of the Ouse and the many other rivers 
in its neighbourhood, if it did not continue to erode 
and enlarge these valleys, it would at least keep 
them open. 
JJ^jJJ^j^ But the sea erodes the outside of the land, not 
theia^ the inside of it. The erosion of the sea, speaking 

not the 

intide. liberally and by comparison, is horizontal, and 
parallel to the line of coast. Speaking in the same 
way, the erosion of rain and rivers is vertical, and 
at right angles to the lines of coast. That is, as 
far as concerns the trunk-ends of rivers and their 
valleys. Instead of eroding the inside, the sea, 
which is devouring the outside of the land, has 
allowed the rivers to dam it out of the inside of it. 



CH. in. THROUGH BIDGES WITHOUT POXDIXG. 67 

to fill up arms of the sea. And with what maie- 
rials have the rivers filled these arms of the sea, 
since they have not * produced the openings/ and are 
not * deepening the hollows which they traverse ? ' 
Bat parvis componere magna : let ns ask this 
question on a larger scale. If the sea made the 
valleys of the Bhone, Po, Mississippi, Ganges, and 
Niger, why does it yield to these rivers now, and 
allow them to protrude deltas of thousands and 
thousands of square miles ? One answer replies to 
both questions. 

Though the Ouse must cease to deepen its chan- 
nel where it is level with the sea, at this pre- 
sent time there is not a heavy rain falls on the 
upper valley of the Ouse, but it deepens, lengthens, 
and widens that valley. And this is the case, not 
only with that valley, and the valleys which I have 
enumerated, but with every valley in the wide wide 
world. And hence the materials which fill arms of 
the sea, and form alluvial plains and deltas, unless 
the land is rising, or alongshore currents and tides 
interfere by sea, or lakes catch the alluvium by land. 
The gradient of a valley is never permanent in any xv 
part. Every valley is always lengthening at the raiiejii 



upper end or decreasing in height there ; and all ^oMneat 
intermediate parts are perpetually in process of 
being planed down, or built up, to one uniform gra- 
dient from the head of the valley to its mouth, or 

to the end of the delta, if there be one. 

F 2 
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VaUeys are always increasing, hills always de- 
creasing. Indeed, valleys exist only in the disso- 
lution of hills. But sedimentary strata are not 
formed only from the contents of valleys. The en- 
tire surface of the solid part of the globe — the earth, 
is always being washed by rain into the liquid 
part of the globe — the sea. As sure as there are 
alternations of hard and soft strata in the course of 
a river or valley, so sure will there be alternations 
of gorge and alluvial flat. 

We are not to imagine that it is in the Weald 
only that rivers run through ridges of hills. A 
glance at a physical map of England or the World, 
will show plenty of examples. Take for instance 
the ridge of hard oolite and chalk which forms the 
gorge of the Humber, the affluents of which in 
flowing from the Pennine chain have formed the 
plain of York in the soft triassic strata. Or take the 
gorges of the Clyde and Mouse water at Lanark 
which have caused the so-called Kames at Carstairs. 
Is Mr. Hopkins going to account for these * cross- 
fractures ' by * mathematical methods ? ' 

A stream running through ridges, large or small, 
is the simple consequence of the diflfering hardness 
of the ground through which it runs. In all cases 
a stream cuts for itself a narrow channel, the depth 
of which is determined by the hardest part. For a 
stream cannot run down where its bed is soft, and 
up again where it is hard. But the wash of rain 
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digs down where the gronnd is soft, and leaves hills 
or ridges where it is hard. And as a transverse 
stream cuts through a hard stratum, say the North 
or South Downs, the wash of rain is scooping out 
two longitudinal valleys behind it, that is, a valley xiwiiud 

gorge umI 

behind each side of the gorge and ridge, as in the ^J[|J^y 
Weald clay.* 

Such are the valleys along which the western 
branches of the Aran and Wey flow. Such are 
the valleys of the greensand and gault and the Jlats 
of the Weald clay behind the gorges of the South 
Downs in Sussex, and of. the North Downs in 
Surrey and Kent. But in this small map only large 
streams are marked. The debris of these valleys 
is carried off by the lowering bed of the river. A 
ridge is then developed, and the river runs through 
& gorge in the ridge. In this sense the wash of 
rain may be said to form hills as well as valleys, 
since by abstracting intervening masses it develops 
them, as, by abstracting intervening Weald clay, 
the wash of rain has cut the one original ridge or 
hiU into three main ridges, namely, the two chalk 
ridges and the Forest ridge. And in forming a 
statue what does the sculptor do more ? The ridges 
then, instead of being considered as barriers to the 
river, have been actually formed by the river by 
the abstraction of intervening masses. Except the 

* Mr. Mackintosh has dnhhed this ' Colonel George Greenwood*8 
hard gorge and soft Tallej theory.' 
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branch of the Wey at Famham the rivers all run 
out of the Weald from geologically lower strata 
across geologically higher strata, and in passing 
from the geologically lowest strata — the Hastings 
beds — these transverse rivers deposit drift gravel 
and alluvium first in the soft valleys (with longi- 
tudinal branches) which they have formed in the 
geologically higher Weald clay, behind the hard 
gorges of the geologically higher greensand. And 
secondly, they deposit in the soft longitudinal 
affluent valleys which they have formed in the geo- 
logically higher gault clay, behind the hard gorges 
of the geologically higher chalk. But at Famham 
this is reversed. The Wey runs into the Weald 
from geologically higher strata across geologically 
lower strata, and it has deposited vast quantities 
of drift gravel and alluvium in the soft valley of 
the gault clay behind the hard gorge of the lower 
greensand, instead of behind the chalk, as the 
rivers have done in all the other nine cases. A 
ridiculous common error supposes these gravel 
terraces to mark the overflow of the rivers in a 
' gravel period ' formed by a * pluvial period.' They 
are the ancient river beds. Drift is driven. Gravel 
does not nor ever did flow on surfaces of rivers. 
But rivers do flow on surfaces of gravel even at 
the present period. 

The gorges, cut through comparatively hard beds 
or ridges, form exceptions to the widening of valleys 
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as they descend. That is, directly as the hardness 
of the beds through which the same valley runs 
will be the narrowness of that valley ; directly 
as the softness, the width. Above each hard gorge 
will invariably be a comparatively wide horizontal 
valley filled with an alluvial flat caused by the 
check of the flood water at the gorge. As the 
gorge is cut lower the alluvial flat will be cut 
through, and will vanish in the form of two parallel 
terraces. Another alluvial flat will be formed at 
a lower level, that also hereafter to vanish as 
parallel terraces, and as has been said (p. 34) these 
exceptions prove the rule that valleys are made 
by water and not by fire. For where valleys run 
across strata of different hardness, if the valleys 
were igneous cracks they would not vary in width 
or even in height of their sides according to the 
softness or hardness of the strata. The sides of 
the valleys across the Weald clay should be as high 
as in the gorges across the chalk if the valleys were 
igneous cracks. 

The great height of some of these ridges, though 
a proofs is a very inadequate measure of the enormous 
denudation which has gone on behhid them, since 
the ridges themselves have suffered enormous de- 
nudation.* The tops of all such ridges must 

♦ As I published in the Athensenin in 1863, * The power of 
denndation is by no means appreciated. All geologists follow Lyell 
in his dictnm that denndation and deposit are equal and are the 
measure one of the other. Indeed Darwin calls this a profound 
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originally have been lower than the hills from which 
the rivers rise. But whether all or any of them 
continue lower, and their comparative height one 
with the other, will depend simply on which is the 
hardest, that is, which is most quickly disintegrated 
and denuded; the hills from which the rivers rise 
might be denuded as low as the beds of the rivers in 
the gorges. 
'^eaid Suppose this to happen in the Weald. The 

m^y^'- Forest Bidge of Hastings sand might then become 
Sic a marsh, on an oolitic bed ; and ^ the Weald val- 
ley,' *the oolitic valley.' It is not likely that it 
would then feed more than one outlet; but if it 
still retained its present ten outlets (for I consider 
the eastern Rother as one), I will make this possible 
valley with ten outlets a present to those who object 
to my definition of a valley. 

These causes produce a comparatively uniform 
slope of the bed of a river to the sea, with every 
species of irregularity of its banks and the region 
through which it flows. This is the very fact 
which proves the aqueous origin of the river beds 
and valleys, as has been finely remarked by Play- 
fair on Hutton. It is impossible that earthquakes 
should have formed these continuous slopes to the 

remark. But it is a profound mistake; it would only be true if 
deposits were never denuded. But denudation is almost always 
employed on deposits, and past denudation exceeds existing deposits 
by an infinite multiple.* 
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sea through every diflferent height of banks — ^this 
wonderful regularity passing through this wonderful 
in-egularity. 

But I can find no hint that Playfair thought * paral- 
lel terraces' to be the remains of alluviums caused 
by the Irtxd gorge and soft valley theory. On the 
contrary, he generates (?) the present fashionable 
dcMJ^e (page 352), he pronounces the terraces to 
be the remains * of a series of lakes, which have 
been converted into dry ground,' and states that 
they * make it certain that the great mass of gravel 
which forms the successive terraces on each side 
of the river was deposited in the basin of a lake.' 

Mantell tells us that at Hastings ^a diluvial valley ManteU's 
intervenes between the white rock and the west ^""^y- 
cliflf, where the ruins of the castle are situated.' 
Diluvial ! Beautiful ! A valley made by Noah's 
flood doubtless ! At least it cannot be an igneous 
crack here because this longitudinal or axial crack 
happens to run at right angles to all the transverse 
cracks of the Weald which are mathematically 
demonstrated by Mr. Hopkins to be igneous. In 
the next page Mantell says, ^ Pursuing our course 
eastward, another deep valley occurs, through which 
is the romantic entrance to Hastings by the London 
road.' But he fails to tell us whether this * deep 
valley ' is an igneous or an aqueous crack. And The axiai 

valley of 

when we pursue our course a little more eastward ti^e Bother. 
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valley of the Rother, with a waterslope of perhaps 
six times the size of its transverse neighbour the 
Cuckmere ? It is impossible that Mantell should 
have perceived that his valley at Hastings was 
diluvial without also perceiving that the entire 
valley of the Rother, from Crowborough to Rye, 
is also diluvial, and that this valley, now to so 
great an extent aUuvial flats, is washed by rain 
out of what was originally the very highest part 
SSke of the Weald hUl Why then is he silent on the 
:^)ther. subject ? And why are all the writers on the 
denudation of the Weald silent on the existence 
of the Rother and of its delta, Romney Marsh ? 
Why, unless it be that the existence of these 
totally contradicts and overthrows their igneous 
crack theory ? 

With regard to the early history of this delta of 
the Rother, Holinshed talks of ^ Romneie Marsh, 
which in old time was called Romania or Romanorum 
Insula.' Mr. Holloway says that Romney is the 
Saxon translation of this — ea being island. Dugdale 
referring to its embankment says, * That it was there- 
fore a work of the Romans, whilst they were masters 
here, as it is the opinion of some learned men, so do 
I thereof make no doubt ;' and he quotes Tacitus 
* that the Britons complained that th^ Romans wore 
out and consumed their bodies and hands ^ in sylvis 
et paludibus emuniendis.' Dugdale says that Romney 
Marsh was * more anciently secured from inundations 
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of the sea than any other part of this reahn, as may 
seem by the laws and constitutions for regulating its 
repair, which have been long ago made the rule and 
standard whereunto all other marshes and fens in the 
nation were to conform.' 

In the Saxon times the grants of marsh land to 
the Church are of constant occurrence. Mr. Hollo - 
way gives one of the earliest, a.d. 774. ^ In nomine 
Jesu, Salvatoris mundi, &c.. Ego Offa Rex totius 
Angliorum patriae, do et concedo Janibert Archiep. 
ad Ecclesiam Christi, partem terras trium' aratorum 
quod Cantianite dicitur Three Sulinge in occidentali 
parte regionis quae dicitur Mersware, ubi nominatur 
ad Lyden, et hujus terrae sunt haec territoria. Mare 
in oriente, in aquilone el ab austro terra regis Edwy, 
nominant Dengemere, usque ad lapidem appositam 
in ultimo terrae, et in occidente et aquilone confinia 
regni ad Bleechinge.' This seems to place Lydd 
{Query from Littus) on the shore, though it is now 
nearly three miles from the shore, and where Denge- 
ness lighthouse stands now the sea probably ranged 
then. 

Leases were granted by Gaufridus, Prior of Christ 
Church, Canterbury, about 1100 (a century and a 
half before the commission of Henry de Bathe) from 
which Sumner gives the following : * et debent wallas* 
custodire et defendere contra friscam et salsam, et 

* Thronghont Eomney Marsh the embankments are called wdLUy 
doubtless the lineal descendants of the Roman vallum. 
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quoties opus faerit eas reparare et firmas facere 
Becundum legem et consuetudinem marisci/ 

In the days of * our Henrys and our Edwards ' 
scarcely a year passed without commissions concern- 
ing the embankments of Bomney Marsh, and com- 
missions for other marshes were to act * according to 
the laws of Eomne marsh/ 

The ordinance of Henry de Bathe, constituted at 
Bomney, a.d. 1258, is the Magna Charta of marsh 
defence throughout England. But it alludes to the 
ancient laws and customs of Bomney Marsh there- 
anent ; and indeed it seems founded entirely on these 
' antiquas et approbatas consuetudines/ 

To come to modem times and to physical causes, 
the natives of this delta to a man will tell you that 
the land was ^left by the sea,' and they talk of the sea 
receding. But if the sea receded here it would recede 
at Folkestone, Hastings, and Beachy Head, where on 
the contrary it advances on the land. But if * left by 
the sea ' means washed up by the sea, nothing can 
be more clear than the distinction between what is 
washed up by the sea and what is washed down by 
the river. What the sea casts up here is simply 
shingle and sand, worth perhaps three farthings a year 
rent as pasture, and as for ploughing it no one but 
Ulysses would attempt it. But in the delta and the 
alluvial plain together there are 62,449 acres em- 
banked and drained, which perhaps average above 
three pounds an acre rent. Now the whole of this 
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land has been brought down by rain and the 
river. Man has held more or less of these acres 
for the last 2000 years. When nature held this farm 
direct under the Almighty, I imagine that the river 
had three outlets, as is usual in deltas ; * a main 
central trunk from Appledore to Bomney, and two 
side outlets, one towards Hythe, and one towards 
Bye and Winchelsea. When the central Bomney 
river overflowed its even self-built banks, the heaviest 
materials held in suspension were soonest dropped, 
and the plain formed sloped from the central river 
to the two side outlets, where the floodwater, 
together with the adjacent streams, escaped .into the 
sea. Man, by embanking, has altered all this. 
There is now no longer any upward growth of the 
plain, or as it is here called ^ swarving up.' On the 
contrary, as the water is let ofi* by sluices through 
the beach at low water, the plain is exposed to 
denudation, and may probably be considerably lower 
now than it was in the time of the Bomans. All 
that the river brings down is now forced directly 
into the sea. This causes a vast accumulation of Embimk. 

ment of 

sand at Bye harbour, and an extension of the delta «^iand 
there by deposition. Indeed it is not only that the 
embankment of ^derelict land,' as it is called, goes on 
to this day, but it may almost be called compulsory. 
For instance, the corporation of Bye embanked 
marshes between 1833 and 1838, which they tcished 

• See page 244. 
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to preserve as reservoirs of tidal water to scour the 
month of the harbour. But these marshes ^ swarved 
up ' so as only to be covered at the highest spring 
tides, and thus became useless as reservoirs for 
scouring. Here a present of land was forced on the 
corporation against its will by rain and rivers which 
from its nearness to the town is perhaps worth a rent 
of £5 or £6 per acre. About 1863, Lord H. Vane 
enclosed land on the great stone side of what was 
Bomney harbour, and the corporation of Eomney are 
in the act of enclosing now (written 1861) on the 
little stone side of this quod Cantianite dicitur 
* swarved up ' harbour. Vast accumulations of sand 
are going on outside the mouth of the Bother. On 
this foundation the river will deposit the richest 
land, and Bye will be left inland as Newenden 
(formerly Portus Anderida) has been left inland. 
(My fMtd But however capacious the mouth of the sea it 

goe» out 

to "ea. can only swallow the finest possible food, that which 
is held in suspension in water. All the rest which 
rain and rivers bring down the sea masticates on the 
shore, in the form of sand, shingle, and boulders ; 
and of these the sea throws up a wall for the protec- 
tion of deltas against itself. And most wonderful 
are the collections of beach from Fairlight CliflF to 
Bye Harbour, at Dengeness and at Hythe ; and I 

The chalk imagine that of the flints which pervaded the enor- 

ninU which 

wvercd mous mass of chalk which once overarched the 

the Weald 

mil. Weald Ilill^ some from the south side may at this 
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instant be denizens of the beaches from Dover to the 
Land's End. Some may have supported the foot of 
Julius CsBsar at his (much discussed) landing-place. 
Some may have been equally civil to William of 
Normandy at Pevensey, others to the third William 
in Torbay; while from the north side these flints 
still help to bed the valley of the Thames, and 
proudly support Queen Victoria, and all that shines 
so exquisitely in female form in Kensington Gardens 
and Hyde Park. Eastward at Dengeness some still 
silicify the pointed pyramid of the delta of the 
Eother. Westward I think that they probably bed 
the upper valley of the Itchen, from Bordean by 
Bramdean* and Tichborne to Winchester. For I The itchen 

once rose 

think it probable that the ancient Itchen once took ^^*^® 
its source in the chalk above what is now ' the ^*^^' 
Wealden heights,' that is, the Forest Kidge of the 
Weald Hilly and that the dry valleylet from Frox- The water- 

slope of the 

field by Stapley to Bordean is on the point of chang- Arun is 
ing (as other valleylets have done) from the water- ^"^Irabpe 
slope of the Itchen to the waterslope of the Arun. iL^^ 

We must not expect to find these flints on the 
surface of the Weald except as exceptions. When 
they walked their chalks, Crowborough beacon and 
the heights of the Forest Kidge were covered full 

* Masses of chalk rubble may be found heaped among the gravel 
between Bordean and Bramdean, as if by floods, and quantities of 
the flints are partially rolled. The largest of these are selected for 
building. 
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fathom five, not only by kindred beds of their own 
long gone, such as the Horsted beds, but by the 
depth of the Weald clay, the upper and lower green- 
sands and the gault. When as exceptions (as at 
Barcombe) flints are found on the surface of the 
Weald, they are angular, which proves the atmo- 
spheric denudation of the Weald. If the denuda- 
tion had been marine the flints should be rolled 
pebbles. 
2^dHyV Some may hesitate to believe the possibility of 
ports!^^"^ the advance of the land of the delta of the Bother 
into the sea, that it should be able to thrust out 
an enormous pyramidal cape into the sea at the 
very moment that the sea is advancing on the 
land on both sides of it, and tearing down the 
neighbouring cliffs of Folkestone, Hastings, and 
Beachy Head. At/i^v is Greek for portus, Hythe 
Saxon . for port. Some may doubt if the little 
inland hamlet Lympne was Ptolemy's Kaivog hfxfiv 
or the Eoman portus Lemanis, or portus novus, 
though it still has its Eoman castle, its Boman 
road to Canterbury — Stone Street, and thence to 
London — ^Watling Street. Some may doubt that 
Limen was the ancient name of the Bother. Or 
that the Saxon Limenemouth meant either the 
mouth of the port or the mouth of the Biver 
bi^Tsh^ Limen. But no one can doubt that Hythe and 
not ships. j^Qu^i^ey^ which are both inland now, were once 

Cinque Ports ; and impossible as it may appear to 
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some, it is equally certain that within historical 
times all the harbours of the alluvial Bother have 
been * swarved up,' and now bear sheep instead 
of ships. 

Now 62,000 ad-es, worth perhaps ^6200,000 a 
year rent, are not formed by an igneous crack 
certainly. What did form them ? Kain and 
rivers ; and rain and rivers i forming them sent 
a million times 62,000 acres into the sea, which 
is quite enough to account for alluvial valleys and 
a delta, where once stood the highest part of the 
anticlinal ridge of the Weald Hill. 

The alluvial plains of the Medway, and of the 
Great and Little Stour, have grown as rapidly as 
the delta of the Bother. And Portus Butupensis, 
like the harbours of the delta, bears sheep not 
ships, in the form of 25,000 acres of rich pasture. 
These dry acres are formed by deposit from water. 
If they had been raised by subterranean fire, the 
beach on which the Bomans built at Dover would 
also have been raised. 

Suppose that we modestly estimate that the 
entire earth is covered each year with a yard of 
rain, and that, speaking loosely, this enormous 
body of water returns to the sea through the rivers. 
Every one must perceive that the nearer the 
mouth the more water the river has to discharge. 
The fall of water and consequent denudation on 
the hill-top are, as they would say, arithmetical, 

G 
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there is no accumulation there. But the accumu- 
lation and aggregation of water and denudation are 
in a geometrical ratio as we proceed from the hill 
to the sea. The consequence is the cutting of the 
river channel below low water, a broad horizontal 
alluvial valley, with *a lazy-flowing, mud-collect- 
ing (and mud-depositing) river.' 
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CHAPTER IV. 

THE ST. LAWRENCE WILL BUN THROUGH RIDGES BY 

PONDING. 

RIVERS MAY RUN THROUGH RIDGES OP HILLS BY PONDING, AS IN 
THE VALLEY OF ST. LAWRENCE. LYELL CONTRADICTS HIMSELF ON 
THIS SUBJECT. THE AMERICAN LAKES ARE BEING LAID DBF BY 
RAIN. THIS WILL HAPPEN WITHOUT ANY APPARENT CHANOB, 
TWO MINUTURE WEALD VALLEYS IN THE ISLE OF WIGHT. ORIGIN 
OF THE CHINES. ORIGIN OF THE NAME OF * THE WEALD.' 
ANSWER TO LYELL's QUESTION, * AT WHAT PERIOD WAS THE 
WEALD VALLEY DENUDED?* 

The hill of the Weald and the valley of the St.' 
Lawrence seem to have as little to do with each 
other theoretically, as practically they are far 
apart. Yet as each illustrates one of two modes 
in which nature drives her rivers across and ihroxujh 
ridges of hills, I shall consider the two as one 
subject in two chapters. 

Lyell writes of the valleys of the Weald hill: 
* If these transverse hollows could be filled up, all 
the rivers, observes Mr. Conybeare, would be 
forced to take an easterly course, and to empty 
themselves into the sea by Eomney Marsh and 
Pevensea Levels.' To this we may add that then, 
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and iu that case, the Weald would be a valley 
with one lower outlet ; and if we prolong our ifs, 
we may also prolong our valley. 

For if the English Channel were filled up, and 
if the North and South Downs ran across it, and 
joined the chalk borders of the Seine, the waters 
of the Weald would help the Seine to drown Paris. 
And if Hampshire and the banks were high 
enough, and * all the transverse hollows in France 
could be filled up,' the rain which falls on Nore 
Hill would run through the railroad tunnel above 
Dijon, and so by the Saone and Khone to the 
Mediterranean. But rt ei ovpavog ifiwhoi ; this if ap- 
pears to me inexpressibly childish, as also does one 
of Lyell's own ifs (* Principles ') 

If the high ground between the heads of Lake 
Superior and of the valley of the Mississippi were 
to sink *by a series of successive subsidences,' 
the lake would be emptied into the Gulf of Mexico 
instead of the North Atlantic. * If the event 
happened in a dry season, when the ordinary 
channels of the Mississippi and its tributaries are 
in a great degree empty, the inundation might not 
be considerable ; but if in the flood season, a 
region capable of supporting a population of many 
millions might be suddenly submerged.' But Lyell 
forgets that the lake is filled by the rain and rivers 
of the high land, and that as the high land 
sank *by a series of successive subsidences,' the 
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lake would gradually become a dry valley. But 
now, after having abused the ifs of others, I will 
have an if of my own, or rather in conjunction 
with Lyell. He himself shows us that this lake 
and all the American lakes are at this instant quietly 
in process of becoming dry valleys, without any 
violence, or any catastrophe, or any cataclysm ; that's 
the word, because people would understand you if 
you used the word flood. In direct contradiction to 
his own theory that all valleys are formed by sub- 
marine denudation, he says (' Principles '), ' The Rirew 

may run 

falls of Niagara aflford a magnificent example of l^^^ 
the progressive excavation of a deep valley in a hoC/ 
solid rock.' The cataract is now 165 feet in height; mth^vai^ 

ley of the 

* When it began to recede, it must have had nearly f^^*^- 
twice its present height.' Say 300 feet. 

Lyell thinks that the river forms this gorge at 
the rate of one foot in a year, and would therefore 
have taken 35,000 years to form the present seven 
miles. Mr, Bakewell allows a yard a year, re- 
ducing the period to below 12,000 years. There 
are yet fifteen miles of gorge to make before the 
river begins to let off' Lake Erie. 

Now, here is a grand if. If 50,000 years after 
this (don't laugh, there have been 50,000 50,000 
years before this), Lyell, Martin, Hopkins, and Hum- 
boldt were to man a four-oar up the St. Lawrence, 
through this valley into the valleys which were the 
American lakes, how the whole crew would pride 
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themselves on tlieir * cross fractures/ and '* rect- 
angular intersections of geodesic lines ! ' * 

As Lake Superior would have been the main 
recipient of alluvium, they might perhaps find 
little to indicate that the lower valleys had ever 
been lakes. * And how on earth,' says Mr. Hopkins, 
*is Colonel Greenwood going to make tliis placid 
stream cut a channel through yonder limestone 
mountain ridge thirty miles in length ? ' Here 
Lyell, looking serious, says, *To tell you the truth, 
gentlemen, 60,000 years ago I foretold in the 
seventh edition of my " Principles," page 202, that 
the river would do this.' * Well,' says Mr. Hop- 
kins, * its raather late to contradict this now, but you 
must, because in your '^Elements" you stood by 
me and my mathematical earthquakes in the Weald. 
And in the very *' Principles " which you quote, you 
have ventured on mathematical earthquakes of your 
own, in Italy. Page 246 you have formed the course 
of the Anio on my igneo-mathematical plan.' 

* The Anio flows through a deep irregular fissure 
or gorge in the Apennine limestone which may have 
been caused by earthquakes. In this deep narrow 
channel there existed many small lakes, three of 
which have been destroyed since the time of history, 

• Herschel, * Physical Geography/ 2nd edition, page 138, hacks 
Hopkins in his mathematical earthquakes. As the crew is com- 
pleted, I will put him in as a steerer, and scratch his name out of 
my immortals, whom I now limit to his father, Newton, Hutton, and 
Playfair. 
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by the erosive action of the torrent, the last of 
them having remained down to the sixth century of 
our era/ 

And indeed it is hard to see, if the * fissure or f^^^"^ 
gorge ' of the Niagara is of aqueous formation, why o^!f 
the * fissure or gorge ' of the Anio should be of '" ^^^ * 
igneous formation. For in both cases there is the 
same cause, a river, working on the same material, 
limestone, producing the same effect, levelling the 
dams of lakes. 

* I shall not deny what I have printed,' said 
Lyell, *nor can you; and you will allow, that, 
however often I have taken one side of this question, 
I have equally often taken the other. For instance, 
page 255 ; ** If we ascend, for example, the valley 
through which the Dranse flows, we find that it 
consists of a succession of basins, one above the 
other; in each there is a wide expanse of flat 
alluvial lands, separated from tie next basin by a 
roc]iy gorge^ once evidently the barrier of a lake. 
The river has filled those lakes one after the other, 
and has partially cut through the barriers, which 
it is still gradually eroding to a greater depth. The 
examination of almost all valleys in mountainous 
districts affords similar proof of the obliteration of 
a series of lakes by the filling up of hollows, and 
the cutting through of rocky barriers, a process by 
.which running water ever labours to produce a more 
uniform declivity.*' ' * There ! ' said Lyell, ' I am 
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right either way; for my sword cuts both ways/ 
In Mr. Hopkins's quick reply, the words were 
heard, * better a sword should cut only the right way.' 
But Mr. Martin and Humboldt interposing, adjourned 
the debate to that day 50,000 years. 

I have said that the denudation of the Weald 
and that of the valley of the St. Lawrence each 
illustrates one of two opposite ways in which nature 
works the same effect, namely, the driving rivers 
through ridges which cross then- courses. It must 
be confessed, however, that to level and perfect the 
waterslope of the line of American lakes is a more 
difficult job than to make that of the Weald, For 
in the Weald the water has always worked from 
above, on soft materials, and with any number of 
streams, while the St. Lawrence has had, single- 
handed, an up-hill work, through the very hardest 
materials. It has had to fill the lakes before it 
could erode the lowest part of their brims. 

But though water cannot flow up hill, it can by 
ponding flow over hills, and so cut channels through 
hills, and this, as Lyell says, is a very universal 
process in nature. This universal process is, how- 
ever, directly opposed to the submarine theory. 
TheAmeri- Truth, if uot always, is at least often paradoxical, 
are being aud paradoxical as it may appear, it is nevertheless 
by rain, ^.p^g^ ^j^g^^ ^^^'^ ^^ rivers are laying dry these, the 

largest bodies of fresh water in the world. And 
that by a double process also paradoxical. First, 
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by filliiig them with alluvium. Second, by emptying 
them by eroding their barriers. 

With regard to the first cause, the filling them 
in, Lyell says, ' the streams which discharge their 
waters into Lake Superior are several hundred in 
number, without reckoning those of smaller size. 
On the northern side, which is encircled by primary 
mountains, the rivers sweep in many large boulders 
with smaller gravel and sand, chiefly composed of 
granite and trap rocks.' The more central deposits 
consist of ' finer mud ' and ' adhesive clay.' With 
regard to the second cause, the emptying of the 
lakes by the erosion of their barriers, that this is 
going on is proved by parallel terraces, marking 
their former levels far above their present levels. 
A depth of fifty feet has been thus taken from the 
surface of Lake Superior, which is nearly 2,000 
miles iii circumference. 

Yet this great actual change has been worked This win 

*-' ^ happen 

without any apparent change. That is, this vast ^J)"^^. 
bulk of water has passed through the single outlet Xn^«. 
at St. Mary's without causing the smallest symptom 
of fiood at any former time, any more than the 
same process does at this instant. For the increase 
of the outfiow is graduated by the decrease of the 
barrier, the gradualness of which we cannot even 
form a notion of. Indeed, the actual course of 
much more sudden changes than this is quite im- 
perceptible to us. If a man never has an illness 
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from eight years old to eighty, he suflfers much 
alteration in the time ; yet at no one instant is he 
aware of the change which is continuously taking 
place in his organisation. With regard to the 
inorganic worlds eternal gradual change is to finite 
beings like man the same as no change at all. So 
that when, for beneficent purposes, instead of eighty 
years, God ordains that geological causes should 
take 80,000 years to work their effects, man dis- 
believes that any change is occurring, or that any 
change can occur from, such insignificant causes. 
The lake, however, will become dry land by the 
meeting of two opposite effects of the same, so 
thought insignificanty cause — rain. That is, by the 
raising of the bottom and sinking of the top of its 
waters. Man will then gain a fertile tract, whose 
area is nearly equal to that of England. And be 
the transmutation of water into land ever so quick, 
or ever so slow, no * boundary question ' can arise. 
During the operation and for ever, water will always 
separate Canada from America, John from Jonathan ; 
may we not rather say that water will always unite 
them. 

But this gift will be as subject to change as are 
all those which we receive from our Almighty 
Creator. The erosion of the barrier at St. Mary's 
will still continue. The vast alluvial flat will be 
diversified with hills and valleys, and all the sedi- 
mentary beds will be taken away by the same cause 
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which deposited them — ^rain — as is going on now in 
the ancient lakes of Auvergne. The St. Lawrence 
will then fill its estuary, and form an alluvial plain 
on it, and beyond this a delta will be protruded. 

It is possible that the St. Lav^rrence may be still 
forming its estuary. Lyell says, that * horizontal 
banks of recent shells appear at various heights, 
from ten to one hundred feet above high water 
mark, and inland beaches of sand and shingle, with 
similar shells, as also elevated limestone rocks, 
scooped out by the waves, and showing lines of 
lithodomous perforations — ^facts which indicate most 
clearly the successive upheaving of the land, since 
the sea was inhabited by the existing species of 
testacea.' 

Suppose the land to have risen 100 feet above 
the level of the sea. This would have given a 
constant rapid fall from the river's mouth to the sea, 
and the river would thus gain the power of lowering 
its bed. While this was going on, no delta could 
be formed. And where rivers have estuaries instead 
of deltas, it may possibly in some cases be owing 
as much to the rise of land as to the wash of marine 
currents. In the case of the St. Lawrence, for 
instance, if a delta had been in formation before the 
land rose, as it rose the river must have cut a 
channel through the delta to the depth of 100 feet. 

There are two miniature Weald valleys in the Twominia. 

ture Weald 

Isle of Wight, which, like every other spot on earth, "^^^y^ ^ 
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Wight °^ witness to the transition of the earth into the sea. 
The north chalk, from the Needles to Culver Cliflfs, 
is equivalent to the North Downs. The south 
chalk, St. Catherine's Hill, is equivalent to the 
South Downs. Doubtless this south chalk formerly 
ran east and west parallel to the north chalk ; but 
it has been washed away by the sea. The loss of 
the two ends of this southern barrier allows the 
escape of the waterflow to the south. This is the 

tS^hi^L ^^8^ ^f ^^ Chines; and if any one wants to see 
nature beginning new valleys, these chines are very 
pretty examples of the operation. I think that the 
name is provincial for chin. Near Newhaven is a 
Chin Gap, of precisely the proper shape for the 
name. 

The wash of rain from the north of the south 
chalk formed the eastern part of the bed of drift 
which overlies the Wealden from Atherfield to 
Brixton (Bridestone) Bay; as the southern run of 
the north chalk has formed the western part of this 
bed, from Compton Bay to Brook Bay. 

In all the geological sections and accounts of 
this district that I have seen, the north chalk is 
designated as vertical, the south chalk as horizontal. 
This is a great mistake. Equivalent parts of each 
have the same degree of dip ; though the dip of the 
north chalk is to the north-west, and the dip of the 
south chalk to the south-east. On the top of the 
north range the chalk is nearly horizontal ; but as we 
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descend to the north side and foot of the hill, the 
beds are vertical. On the top of the south range, 
the chalk has a gentle dip to the south-east ; and 
but that the chalk which formerly clothed the south 
side and foot of this range has long been washed into 
the sea, the beds of it would have been vertical, as 
a matter of course ; so would any tertiary beds 
beyond, with which, no doubt, this chalk was 
covered at its first elevation. If these beds were 
not vertical, we must suppose that the elevation of 
the anticlinal axis of the Wealden produced one 
mechanical effect on the north side and a contrary 
mechanical effect on the south side, which is absurd. 
We can see that the south-east dip of the lower 
cretaceous beds from Atherfield to beyond Eocken 
End, is equivalent to the north-west dip of these 
beds from Compton Grange towards Freshwater. 
If the upper bed of chalk did not dip also, we must 
suppose that it was deposited unconformably on the 
lower cretaceous beds, which is also absurd. 

The now inland Newenden is supposed to be the on^n of 

the name 

ancient Portus Anderida by Henry of Huntingdon, ^^^®, 
Selden, Camden, Lambard, Dr. Plott, Dr. Harris, 
Dr. Hawtrey, and the great majority of authors. 
The British Andred and the Eoman Silva Anderida 
gave rise to the Saxon Andredes Weald, which 
extended over the * Forest Ridge ' of the Weald Hill 
from Kent to Hampshire, and gave the name of the 
Weald to the district. I persuade myself that the 
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traces of this ancient Forest may still be seen as far 
west as Rotherfield in Hampshire, in the magni- 
ficent old pollards (polled) there, and in Alice 
Holt, and in the black rings of the charcoal 
burner. He was obliged to poll the trees to 
grow his coppice wood in the air, on account of 
the browsing of the deer and cattle. 

With regard to the question asked by Lyell, 
AMwer < At what perfod was the Weald valley denuded ? ' 
•^Afw^t ^^ answer is, the period extends from the first 
S^rwelid moment that the tertiary strata were rained on to 

valley 

denuded?* the prcseut moment, and the period will be 
extended till the last grain of the Wealden region 
is deposited below the wave; nay, though it is a 
bidlj till long after this ; for when the Wealden 
strata are gone, the region will become an oolitic 
region; which, like all other regions, will be 
finally put under the sea. This process is going 
on now as rapidly as ever, and no causes have 
ever operated to denude the Weald which are not 
now at work every day and all day long. We 
have not yet sufficiently apprehended the true depth 
of the Pythagorean doctrine, 

Omnia mutantur, nihil interit, 

And— 

Summa tamen omnia constant. 
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If the Weald had suffered denudation at some 
remote period, and had then remained the same, 
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it would be the only thing on this terraqueous globe 
which had not changed in the time. 

Nil eqnidem dnrare din auh imagine eadem 
Crediderim. 

The sea even changes places with the land as much 
as the land with the sea ; and it does not roll now 

Such as creation's dawn beheld. 

It rolls now where once wide continents spread 
their bosoms ; and it once rolled where the Alps, 
the Andes, and the Himalaya now rear their snow- 
capped heads. 

Beattie's lines are as full of philosophy as they 
are of poetry : 

Art, empire, earth to change are doomed. 
Earthquakes have raised to heaven the humble vale, 
And gulfs the mountain's mighty mass entombed. 
And where the Atlantic rolls wide continents have bloomed. 

Nor even are the contents of its depths or its 
shallows the same for a single day. It is the region 
of perpetual deposit as the land is of perpetual denu- 
dation. In its fimitful womb new continents are for 
ever being generated ; and these new continents it 
gives to man, as Aladdin did his new lamps, in 
exchange for old ones. 
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CHAPTER V. 

LYBLL ON THE VAL D'ABNO. 

IP YALLETS WERE WIDENED BY EROSION OF RIYER BANES, THETR 
SIDES WOULD NOT SLOPE, BUT MUST BE CLIFFS, WITH INTER- 
YBNJNO TABLE LAND. RIYBRS CUT DEEP CHANNELS, RAIN MAKES 
WIDE YALLETS. FLAT LAND MAY BE DENUDED. WATER MAY RUN 
WITHOUT A SLOPE OF LAND. NATURE ENDEAVOURS TO PREYENT 
DENUDATION BY ROOTS^ NOT LEAVES; MAN BI TERRACES. ETER- 
NAL CIRCLE •OF CHANGES. 

In chapter xlv., * Principles/ Lyell makes up by far 
his best mixture of his various theories for the 
formation of valleys, since he there confines himself 
to rain and rivers. And with the exception that he 
lays too much stress on the erosion of their banks by 
rivers, with some trifling contradictions, the prin- 
ciples are here true principles. He talks of * those 
disintegrated rocks, of which such enormous masses 
are swept down annually into the sea/ And he 
winds up with, *by ploughing up thousands of 
square miles, ^,nd exposing a surface for part of the 
year to the action of the elements, we assist the 
abrading force of rain, and diminish the conservative 
effects of vegetation.' 

This is all right. This is subaerial denudation, 
and very contrary to the submarine theory. Page 
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685, he inquires how far vegetation may ' retard the 
leveUmg effects of running water, which it cannot 
oppose, much less counterbalance. It is well known 
that a covering of herbage and shrubs may protect a 
loose soil from being carried away by rain, or even 
by the ordinary action of a river, and may prevent 
hills of loose sand from being blown away by wind; 
for the roots bind together the separate particles into a 
firm mass, and the leaves intercept the rain water, so 
that it dries up gradually, instead of flowing off in 
a mass, and with great velocity. The old Italian 
hydrographers make frequent mention of the in- 
creased degradation which has followed the clearing 
away of natural woods in several parts of Italy. A 
remarkable example was afforded in the upper Va 
D'Amo in Tuscany, on the removal of the woods 
clothing the steep declivities of the hills by which 
that valley is bounded. When the ancient forest 
laws were abolished by the Grand Duke Joseph, 
during the last century, a considerable tract of 
surface in the Cassentina (the Clausentinium of the 
Romans) was denuded, and immediately the quantity 
of sand and soil washed down into the Amo increased 
enormously. Frisi, alluding to such occurrences, 
observes that as soon as the bushes and plants were 
removed the waters flowed off more rapidly, and, in the 
manner of floods, swept away the vegetable soil. This 
effect of vegetation is of high interest to the geo- 
logist when he is considering the formation of these 
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valleys which have been principally due to the action 
of rivers. The spaces intervening between valleys, 
whether they are flat or ridgy, when covered with 
vegetation, may scarcely undergo the slightest waste, 
as the surface may be protected by the greensward of 
grass; and this may be renewed, in the manner 
before described, from elements derived from rain- 
water and the atmosphere. Hence, while the river 
is continually bearing down matter in the alluvial 
plain and undermining the cliffs on each side of every 
valley, the height of the intervening rising grounds 
may remain stationary.' 
ifTBUeyi Observe the change of agents in forming valleys, 
w^^S^ in one short sentence. It begins with rain from 
bftDki, above, and ends with the river ^undermining the 

their rides 

jo">d not cliffs ' from below ; though it is evident that if 
S^^th valleys were formed by the undermining erosion of 

interyenisff • • t i i»i i. n xi 

tabUAand: Hvcrs, cvcu m uurocky ground like our chalk, the 
sides would be precipitous * cliffs y* and the tops of 
intervening hills flat table-land ; while the enlarge- 
ment of such valleys could only take place by a 
constant calamitous succession of land-slips, in the 
same way that cliffs yield to the erosion of the sea. 

Eivew may Rivcrs havc the power to cut narrow channels or 

cut deep *- 

rirSfkii ^^^^^^^ / ^^t ^^^7 l^ftve very little power of widening 
vaii^ these. Disintegration and the wash of rain widen 
these ravines into broad valleys. While this is 
going on, rivers convey to the sea what rain brings 
to them, which would otherwise pass out of the 
valleys more slowly by the wash of rain. 
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But rivers no more make the sediment which 
they carry than raiboads manufacture the wares of 
which their traffic consists. The sediment carried 
by rivers is brought to them by rain from the en- 
tire surfiEU^e of their tributary groundy or water-slope. 
Erosion of banks is an exceptional calamity. But 
heavy rain never happens but it loads the rivers with 
mud. Nay, it loads the along-shore waters of the 
sea with mud. These are matters of fact, not 
matters of opinion. We ^ need no ghost ' nor good 
eyes to ascertain them ; all we need good is the um- 
brella and macintosh, to enable xia to go out and see. 

The Atlantic round Madeira, or the Mediter- 
ranean along Spain, France, and Italy, or the ^gean 
round the Isles of Greece, forms no exception : vidi- 
mus flavum each of them ; or rather I have seen the 
Atlantic red instead of yellow at Madeira during 
heavy rain. It is astonishing how soon the sea 
clears. Still more astonishing that not a vestige of 
dirt, mud, earth, or clay remains on or near the 
shore of the grand recipient of all these. Ocean 
not only instantly swallows all, but licks the platter 
clean. 

But in the same page Lyell is ^ overtaken by a Fiatund 

ma J be 

violent thunderstorm,' near San Lorenzo in Spain ; d««¥W. 

and * I saw the whole surface, even the highest 

levels of some flat-topped hills, streaming with mud, 

while on every declivity the devastation of torrents 

was terrific. The peculiarities of the physiognomy 

H 2 , 
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, of the district were at once explained ; and I was 
taught that in speculating on the greater effects 
which the direct action of rain may once have pro- 
duced on certain parts of England, we need not 
revert to periods when the heat of the climate was 
tropical/ 
^^^^^^ But why the words ' greater' and * once '? Why, 
of land °^^ if rain once denuded the surface in England, should 
it have ceased to do so now ? Did it rain harder 
once ? Or is the ground harder now ? But however, 
csbIo tonantem credidimus Jovem regnare (that Jove 
rains). And in a thunderstorm, Lyell believed that 
even flat ground may be denuded by rain^ which he 
seemed to doubt in the first part of the page. 

But I must say a word theoretically to those 
who may not have met with LyelFs practical proof. 
Most people are doggedly possessed of the idea that 
water will not flow on land which has no slope. But 
as rain falls from high Heaven, its only relief from 
rising on itself is to flow. Empty a decanter of 
water on the middle of the table. Does the water 
remain in the middle ? Introduce a pipe of running 
water to the middle of a flat stone hall. The water 
flows all over the flat pavement, and finally escapes 
from the hall by every door. Why ? Not because it 
flows without a fall, but because it rises on itself, 
and so makes a fall ; 

unda impellitur unda 




Urgeturque prior venienti urgetque priorem. 
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As the tide flows up the bed of every river twice 
every day, perhaps for the space of 100 miles, at 
the rate of twenty miles an hour. Stop the pipe of 
supply and the hall will * run dry ; ' continue the 
supply for ever, and a channel would *be worn at 
each door, and from any two doors across the centre 
of the hall we should have one of Humboldt's * great 
fissures,' or Messrs. Martin's and Hopkins' * cross 
fractures.' Nature drains and denudes every flat 
on earth on this principle, a channel being cut back- 
ward from wherever the water can escape, with a 
celerity directly as the softness of the soil. These 
channels become small valleys, and so the flat no flat, 
but hill and dale. 

We need no Jupiter Tonans, nor need we go to 
Spain, to see that flat land is denuded by rain. 
There is a clay field near this house, so flat that 
no eye could foretell which way the water would 
run off it. Yet every heavy rain, it discolours the 
whole of the stable pond with a copious yellow 
stream, through an exit in the bank. No one can 
doubt in this case that rain denudes the flat field 
and deposits in the pond.* I have seen this 
happen when the field was covered with an ex- 
cellent crop of clover two years old. So that 

* Possibly one of the benefits of nnderdraining is that, besides 
letting off water which would stagnate, in the operation the finer 
parts of soil are washed in instead of out, while the water which 
is discharged abstracts a comparatively small portion of the soil. 
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the strong soil wbs not only ' matted together ' by 
roots, but the nin was ' broken in its &11 ' by the 
liavis and stalks, ^diich roally were close enough 
to the ground to effect this, operations which 
Lyell alludes to thns in finishing the page: 'In 
the torrid Zone the degradation of land is generally 
more rapid, bnt the waste is by no means propor- 
tioned to the superior qoantiiy of rain, Cfr the 
suddenness of its &I1, the transporting power of 
water being connterKted by a greater luxuriance 
of TegetatMm. A geologist who is no stranger to 
tropical eonntnes observes that the softer rocks 
would ^ecdily be wMsbed away in such regions if 
the numerous roots of plants were not matted 
together in such a TnimAr as to produce eonisd^r - 
able iGsstance to the destzuctive power of the 
rains. The parasitical and creeping jUsnts also 
entwine in eroy possUe directzcHi, so as to recxief 
the fixests neazly imp e n ioas, and the trees poeseas 
fi)rms and ka:Tes best rakirlated to ^yoot off the 
hea[^ rains, which, what they haTe beoi l^okai 
in their fidl, are quickly abooibed by the groond 
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beneath, or whsi thrown into the drainage depres- 
fiODSy give nse to fizEious torrsitsw' These are 
curioas fiznctiGDS d the learesu Tbev firss caase 

m 

the ram to be ' qxQckly absorbed.' acd t^ti^n - gfve 
rise to fizrsoos torrsits^' Bat we may pass over 
small trfbutaiy c^mtradLctiozis wiust we are ciju- 
gftJFfffrg the fi)ur main fh^am^ls, of 
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by which Lyell fonns valleys. And what a 
delightful change from the ^ great fissure ' system ! 
At this moment all theories are left in the lurch, 
except disintegration and the wash of rain, and 
the question is how to prevent the whole surface 
soil being bodily washed away by rain^ and this 
in England, Italy, Spain, and the tropics. Nay, 
in the tropics, but for the friendly intervention 
of leavesy not only the soil, but * the softer rocks 
would speedily be washed away.' 

With regard to the denudation of such * steep JJ;^'^^ 
declivities * as those of the Val D'Amo, nature ^nX^ 
endeavours to preserve the soil by the roots of ZiUcwu; 
woods, though Lyell has a hankering to make ^ the 
leaves intercept the rain water, so that it dries up 
gradually, instead of flowing o£f in a mass and 
with great velocity,' and would persuade us that 
instead of the roots protecting the soil in tropical 
forests, ' the trees possess forms and leaves best 
calculated to shoot off the heavy rains, which, 
when they have been broken in their fall, are 
quickly absorbed by the ground beneath.' 

The fall of rain from leaves is the reverse of 
conservative to the soil. Leaves collect the rain 
into infinitely larger masses than the natural rain- 
drop, and mechanically tear up the soil. If you 
wish to see this fact, examine a road under the 
head of a tree ; you will find only rough stones, 
because the finer material has been mechanically 
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man by 
terraces. 



Dtemal 
circle of 
changes. 
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ejected. If yon wish to hear the fact, walk under 
a tree with an mnbreUa in heavy rain. The 
umbrella will tell you as plain as it can speak of 
the increased size of the drops. 

If man removes the roots of woods for cultiva- 
tion, on * steep declivities ' like those of the Amo, 
his art preserves the soil by stone walls and 
terraces. Thousands, I might say millions, of 
miles of this terrace work clothe the hill-sides of 
the south, and this practical necessity affords the 
best possible practical proof of the truth of the 
theories which I advocate. When art has thus 
done her best greenly to flounce nature's garment 
to the highest, we often see above, long and deep 
ridges of grey, bald rock without a shrub. Yet, 
by the chemical action of the atmosphere and by 
the chemical and mechanical action of rain, this 
region, the picture of sterility in itself, is a con- 
stant source of the most fertile soil for the terraces 
of the hill-side below. That soil does not stop 
there. It does not stop in the valley below. It 
does not stop even in the depths of the sea. From 
these depths it will be re-elevated. * The Spirit 
of God ' moves through the depths as well as 
* on the face of the waters,' and is present imo 
tollere de gradu, and each grain of soil which we 
have traced from the mountain-top to the ocean's 
depth wiU move for ever in the grand circle 
of changes contrived by an All-pervading Bene- 
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ficence. Circle of changes I have called it, but 
the more proper term would be circle of renovation. 
And is the term waste quite proper for an action 
which converts the face of the barren precipice 
of limestone or granite into rich soil for the pro- 
duction of the most exquisite vegetation, which 
gives subsistence, and therefore existence, to the 
noblest of God's creatures ? 

How exquisitely Ovid words the Pythagorean 
doctrine of perpetual change and renovation : 

Omnia mutantur ; nihil interit. . . 

Hsec quoque non perstant qusB nos elementa vocamus. 

• . . tamen omnia Jiunt 
Ex ipsis et in ipsa cadunt. , . * 
Nee species sua cuique manet, renunque novatrix 
Ex aliis alias reparat natura fignras. 
Nee perit in tanto quidquam (mihi credite) mundo ; 
Sed variat faeiemque novat ; nascique vocatur 
Incipere esse aliud quam quod fait ante, morique 
Desinere illud idem. . . 

These are sublime doctrines as regards matter. 
So is the ^ morte carent animsB ' as regards the 
soul. * There is,' however, * but one step from 
the sublime to the ridiculous.' And, alas! that 
the profound philosophers who held these doc- 
trines should have taken the one step beyond the 
transformation of matter to the ridiculous belief in 
the transmigration of souls. 



* Protoplasm, carbonic acid, water, and ammonia. 
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CHAPTER VI. 

LTELL OX THE VAL DEL BOVE. 

LTELL'b fifth THEOST forms THI YAL DIL bote BT 8nBSIDE5C«. 
IT 18 FOBMID, UKB ALL OTHER YALLETS, BT RUNNEfG WATER. 
WHT YOL€AKIC DISTRICTS HAYE WJEAK SFBDIGS AND DEEF hRT 
RAVINES. 

ijdi'j FojTB, different theories for the fonnation of valleys 
v^ddd^ are not so many, but that Lyell must start a 
mtbrnsLet. fifi^ for the formation of the great valley of Etna, 
the Yal del Bove. He attributes its formation to 
subsidence. As he could not conveniently get the 
sea over Mount Etna, he forgets his submarine 
theory altogether, and simply fights against ' running 
water/ 

* Principles,* page 396, he says : * We cannot 
ascribe this valley to the action of running water ; 
for if it had been excavated exclusively by that 
power, its depth would have increased in the 
descent ; whereas, on the contrary, the precipices 
are most lofty at the upper extremity, and diminish 
gradually on approaching the lower region of the 
volcano/ Apply this argument to any other 
valley. Does the height of the sides of the valley 
of the Mississippi increase, from the Bocky Moun- 
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tains to the Gulf of Mexico ? Does not the 
height of these sides vary in every part, without 
any reference whatever to the bed of the valley ? 
The height of the sides of the valley, or their 
comparative height at different places, has nothing 
to do with the question. The question is, does 
the bed of the valley, independently of interrup- 
tion from modem lava streams, slope continuously it is 
to the sea ? as it does so, there is every presump- oJhe*^ai. 
tion that this slope was graduated by water ; and i^ng 
it would have required a miracle to have subsided 
in this form ; consider the extent of the continuous 
descent of the Mississippi from the Eocky Moun- 
tains to the Gulf of Mexico, contrasted with the 
utter irregularity of the sides of the valley, and as 
Playfair remarks, it is as infinity to unity, that 
water must have graduated the descent ; the irre- 
gularity of the sides of mountainous valleys, con- 
trasted with the regularity of their beds, is the very 
fact which proves that valleys have been formed 
by the descent of water. For what other agent 
could have produced these marvellously regular 
slopes of boundless extent, in the midst of the 
most thoroughly irregular surfaces ? 

Besides this, if the Val del Bove had subsided, 
it would have subsided bodily. But there are 
certain rocks, Finocchio, Lepra, Capra, and Musara, 
which, owing to their hardness, have resisted dis- 
integration and the wash of rain, and stand abruptly 

i 
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Out of the bed of the valley. Of these rocks^ 
Lyell, with much naivet6, remarks, * Almost all the 
isolated masses in the Val del Bove, such as 
Capra, Musara, and others, are traversed by dikes, 
and matjj perhaps, have partly owed their preservation 
to that circumstance, if at least the action of occasional 
floods has been one of the destroying causes in the Val 
del Bove ; for there is nothing which affords so much 
protection to a mass of strata against the undermining 
action of running water as a perpendicular dike of hard 
rocJc.' 

The precipitous sides of the valley are also 
scored throughout with an infinity of projecting 
dikes, or veins of injected lava. I call these as 
witnesses in my favour ; for I do not think that 
subsidence would have left these projections, but 
disintegration and wash of rain would. 

Lyell says of them : * They consist of harder 
materials than the strata which they traverse, and 
therefore waste away less rapidly under the influence 
of that repeated congelation and thawing to which the 
rocks in this zone of Etna are exposed.^ Now, 
though Lyell may not agree with me in think- 
ing that these dikes prove the original formation 
of the valley hy waste, he here allows and shows 
that the prolongation and enlargement of the val- 
ley are at this instant going on hy waste precisely 
the same as they do in every other valley in the 
world. But though these dikes are witnesses of 
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the waste, they are by no means measxires of it ; 
for they are not only equally exposed with their 
softer neighbours to disintegrating causes, but, from 
their projection, they are infinitely more exposed 
to these disintegrating causes. 

The head of every valley on a steep hill-side 
forms, and must form, * an amphitheatre, surrounded 
on three sides with ' banks, if not precipices, * the 
loftiest being at the upper end, Ji,nd the height 
gradually diminishing on both sides/ Lyell says 
this of the Val del Bove, as if it was extraordinary 
and peculiar to that valley. But if it were granted 
that this valley were formed by subsidence, is Lyell 
going to form all the other valleys of Etna by sub- 
sidence ? or, if not, how have they been formed, 
except by the wash of rain ? since they have con- 
fessedly never been under the sea. 

Lyell, indeed, says * that running water in general 
exerts no power on Etna, the rain which falls 
being immediately imbibed by the porous lavas ; 
so that, vast as is the mountain, it feeds only a few 
small rivulets, and these even are dry throughout 
the greater portion of the year. The enormous 
rounded boulders, therefore, of felspar, porphyry, 
and basalt, a line of which can be traced from the 
sea from near Giardini, by Mascali and Zafarana, 
to the Val del Bove, would offer a perplexing 
problem to the geologist, if history had not pre- 
served the memorials of a tremendous flood, which 
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happened in this district in the year 1755.' This 
was from snow melted hy an eraption. But is it 
possible that Lyell can attribute the line of bonlders 
to this one historical accident ? 
Why In my opinion, the reason why volcanic districts 

▼olcanie 

^!lTeak ^^^^ ^^ ^^^ permanent springs, is the exact reverse 
3^^^ of the reason given by Lyell. I think that the 
lava (I do not talk of cones of cinders) of these 
districts is generally so tiTi-porons that all rain is 
instantly shot off in the form of surface flood 
water. Besides, I think that the sort of dome- 
like, pent-house form, in which the coatings of 
lava are successively laid over volcanic districts, 
has a tendency to shoot water off the surface, and 
prevent its soaking in. And hence the depth of 
the dry ravines, and the weakness of the springs. 
If . * the rain which falls were immediately absorbed 
by the porus lavas,' it would reappear in strong 
springs, streams, and rivers. 

But besides that in his account of the Yal del 
Bove we have just seen that Lyell refers to Hhe 
action of the occasional floods,' a little after his 
first historical flood of 1755 he tells us of another 
historical flood in 1761. In this second historical 
flood, which rose from *the fall of heavy rains, 
aided, probably, by the melting of snow,' * sixty of 
the inhabitants of Acicatena were killed, and many 
of their houses swept away.' I wonder how many 
unhistorical floods pass down the valleys of Etna 
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every year now, and how many millions have 
passed down them. I should gmss that, while the 
snow is melting, streams must run from the head 
to the foot of Etna every year for perhaps a 
hundred successive days and nights. But, besides 
the effects of general aqueous causes, is Etna free 
from the effects of its own particular local water- 
ing-pot ? — from the lava d'acqua ? In describing 
Vesuvius, Lyell says, * great floods of mud were 
as destructive as the lava itself — no uncommon 
occurrence during these catastrophes ; for such is 
the violence of rain produced by the evolutions of 
aqueous vapours, that torrents of water descend the 
cone (no porousness helps it here), and becoming 
charged with impalpable volcanic dust, and rolling 
along loose ashes, acquire sufficient consistency 
to deserve their ordinary appellation of " aqueous 
lavas.'* 

In ancient times, Herculaneum and Pompeii were 
both overwhelmed by these floods of mud, as in 
modem times were St. Sebastian and Massa, so 
suddenly as to suffocate seven persons. * It will, 
therefore, happen very frequently, that towards the 
base of a volcanic cone alternations will be found 
of lava, alluvium J and showers of ashes.' Hercu- 
laneum is * covered not only by showers of ashes, 
but by alluviums and streams of lava,' *to a depth 
of nowhere less than 70, and in many places of 
112 feet.' 
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; Lyell says of Torre del Greco: *It seems pro- 

■5 bable that the destruction of three thousand of its 

r 

* inhabitants in 1631, which some accounts attribute 

to boiling water, was principally due to one of those 
alluvial floods which we before mentioned.' But 

' alluvium is not deposited anywhere without a cor- 

responding denudation somewhere. 
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CHAPTEK VII. 

LYELL ON THE VALLEYS OP CALABRIA. 

LTELL's * PRINCIPLES ' THE WORK OF THE AGE, BUT IT HAS OlfE 

SPOT, ltbll's sixth theory op the formation of valleys, 
lyell's submarine theory does not apply to volcanic 
districts or islands. * flood of outburst.' 

Lyell writes of * the earlier geologists ' that they 
* were singularly unconscious of the amount of their 
ignorance.' With regard to the formation of 
valleys, I should apply the words of this ilhistrious 
author to himself. And I should consider myself 
sufficiently illustrious^ if my exertions could induce ^ 
him to erase the one spot from * the great work of p]^^ 
this age.' If not, the great work of the next age alaX 

but it has 

will be an expurgated edition of Lyell. one spot. 

In his account of the formation of the valleys 
of Calabria, Lyell is as completely in contradiction 
as usual to his own submarine theory in particular, 
and to his four (or five) theories in general. Indeed, 
I think that he should here be credited with a sixth 
theory ; for he here joins fire and water in a most j^ ji,^ 
unholy alliance against the devoted region. And J^ryof 
the mode of action of the allied forces is quite tion of 

valleys. 

distinct from their mode of action in the Weald. 
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Chapter xxix., * Principles/ he considers * how 
earthquakes contribute to the formation of valleys/ 
But his earthquakes in Calabria are no longer 
* mathematical earthquakes ' like those of the 
Weald. He does not crack out * great j&ssures/ 
forming a * rectangular intersection of geodesic 
lines,' like Humboldt, or fractures, * longitudinal 
and transverse,' like Messrs. Martin and Hopkins. 
He makes his regular approaches, indeed ; but on a 
system quite different from that employed in the 
Weald. He saps with water, and then springs his 
subterranean mine. 

With the Mediterranean on one side, and the 
Adriatic on the other, he surely throws away a 
chance for the employment of his own submarine 
plan. And with the crest of the Apennines between 
these two seas, what an inexhaustible field for 
fissures, cracks, and portages ! But, no ; earth- 
quakes and the erosion theory become the sole and 
sovereign specific for valley-making here. When 
taken to be well shaken; that is, when water has 
undermined the cliff from below, an earthquake is 
to shake it down from above. The plan would be 
no great improvement^ however. In 1783, 60,000 
Calabrians fell wretched victims to one earthquake.* 

* The great igneous authority, Humboldt, repeats the ancient 
Yulgar error, that volcanoes are * safety-valves ' against earthquakes. 
The Calabrians — oh fortunati nimium ! — are nearly surrounded by 
safety- valves — ^Vesuvius, Etna, Stromboli, and another in the Lipari 
Isles. Humboldt quotes Strabo for the f<ict that Sicily was much 
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And if Providence were to be so improvident as to 
allow Lyell to carry out his plan as a system, the 
consequences would be as disastrous to the land as 
to its unfortunate inhabitants ; for instead of gently 
sloping hill and dale, we should have a chaos inter- 
sected by clefts enclosed by cliffs. 

Lyell says (p. 466) that *the formation of 
valleys by running water can never be understood 
if we consider the question independently of the 
agency of earthquakes. It must not be imagined 
that rivers only begin to act when a country is 
already elevated far above the level of the sea ; 
for their action must of necessity be most power- 
ful while land is rising or sinking by successive 
movements.' 

Again he talks of * that peculiar removing force 
required to form a regular system of deep and v^de 
valleys ; for time, which they are so unwilling to 
assume, is essential to the operation. Time must 
be allowed in the intervals between distinct convul- 
sions for running water to clear away the ruins 
caused by landslips, otherwise the fallen masses will 
serve as buttresses, and prevent the succeeding 

more shaken by earthquakes before it was divided from Italy ! and 
before Etna was a volcano! The modem earthquake referred to 
above, disregarding these ancient facts ^ not only desolated Messina 
at the foot of Strabo's safety-valve, but destroyed the aged Prince of 
Scilla, with 1430 of his people, who had taken to their fishing-boats 
in the hope of safety ; and Humboldt says ' 60,000 were destroyed 
in Sicily, in 1693,' in spite of their Etna, their Stromboli, and their 
separation from Italy. 

I 2 
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earthquake from exerting its full power. The sides 
of the valley must be again cut away by the stream 
and made to form precipices and overhanging cliffs 
before the next shock can take effect. 

* If a single convulsion of extreme violence 
should agitate at once an entire hydrographical 
basin, or i£ the shocks should follow each other, 
too rapidly, the previously existing valleys would 
be annihilated instead of being modified and en- 
larged. Every stream might in that case be com- 
pelled to begin its operations anew, and to shape 
out new channels, instead of continuing to deepen 
and widen those already excavated. But if the 
subterranean movements have been intermittent, 
and if sufl&cient periods have always intervened 
between the severer shocks to allow the drainage 
of the country to be nearly restored to its original 
state, then are both the kind . and degree of force 
supplied by which running water may hollow out 
valleys of any depth or size consistent with the 
elevation above the sea which the districts drained 
by them may have attained.' 

Here, in direct contradiction to his own suhiiiarine 
system of forming valleys, Lyell accords the function 
to rivers. But it appears that the operation is 
much facilitated if from time to time the valleys 
are choked up by earthquakes ; . or if the previously 
existing valleys should be annihilated, and * every 
stream compelled to begin its operations anew, and 
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to shape out new channels, instead of continuing 
to deepen and widen those already excavated.' 
Also that * the action must of necessity be most 
powerful while the land is rising or sinking ; ' tvlujy 
he neglects to inform us. Kivers can only cut 
valleys down to the level of the sea, and if the land 
is then raised the rivers may then deepen the valleys. 
This would give the rivers more to do, if that is 
to make them more * powerful.' But how would a 
sinking make them more powerful ? With sub- 
mission, neither Lyell nor earthquakes are likely 
to throw light on the subject ; and * if we consider 
the question ' as dependent on * the agency of 
earthquakes,' * the formation of valleys by running 
water can never be understood.' However, in the 
proper districts of earthquakes, in volcanic regions, 
Lyell is right to call in running water, or any agent iSTm^no 
to form his valleys. His own submarine theory not apply 

to yolcanio 

will not apply to volcanic districts or islands, for islands, 
their surfaces have been ejected over them when 
they were already above the sea; and they have 
been coated and recoated thousands of times by 
floods of melted rock, when they had long been sub 
dio. Yet the gradients of the river valleys and 
dry valleys, and the whole form of the ridges and 
furrows of the entire surface drainage of a volcanic 
region (say Madeira), are so precisely the same as 
those of any other mountainous district, that no 
eye can glance over the two, and doubt for an 



Lyell's 



^ 



118 LYELL ON THE Cfl. vil. 

instant that the same cause caused the form of the 
drainage of both. 

In Tenerife I have seen numberless cases of 
volcanic dikes which projected from the opposite 
Bides of valleys^ and ran across the streams in their 
beds at all angles ; and sometimes four or five dikes 
close to each other^ and not parallel. The direction 
of the water-courses is never altered by these dikes, 
as is asserted by Keith Johnston. A dike simply 
retards the deepening of the ravine where the dike 
is, and that part of the ravine which is above it. 
The part below it will be deepened precisely as if 
the dike did not exist. But the part above must 
wait for the lowering of the dike, and the deepening 
will then go on backward; that is, from the dike 
towards the hill. When a dike runs diagonally 
across the main ravine, it of course does the same 
with the minor ridges and furrows, with which rain 
has scored the entire surface of the sides of each 
ravine. These minor ravines, however, run * right 
up and straight down,' regardless of the dike or 
Keith Johnston. This may be well seen from the 
aqueduct in the ravine north of Santa Cruz. We 
have only to look at a geological map to see the 
incorrectness of Keith Johnston's remark, that rivers 
change the direction of their courses with every 
change of geological strata. These valleys of Tene- 
rife are almost all dry, except in rain. The beds of 
the upper parts are sheer rock, the middle parts wear 
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the appearance of toirents of boulders^ the lower beds 
are alluvial plains of boulders^ and opposite the 
mouths of these valleys are very commonly deltas 
and bars of boulders. Behind these bars, after each 
rain, large deposits of earth and sand are formed, 
which the people diligently collect. Where perma- 
nent streams exist, they are usually lost at a 
considerable distance above the mouths of the 
valleys ; that is, except in rains, they percolate to 
the sea beneath the alluvial plai/ns^ deltas^ and bars 
of boulders. From the sides, hundreds or thousands 
of torrents of boulders fall into these rivers of 
boulders. Sometimes these lateral shoots have 
formed barriers of boulders across the valley, behind 
which large beds of boulders and earth have accumu- 
lated, again to be thrust out by heavy longitudinal 
floods. In this case I imagine that the over- 
whelming force of what the French call the debacle 
comes into play. I shall translate it by Hhe flood Flood m 

outbunt. 

of outburst.' This takes place usually on the break- 
ing up of the ice in all northern rivers or of dams 
formed by avalanches ; and in such cases credimus 
Jovem regnare. But without frost or snow, in all 
steep hollows and mountain torrents, the * flood of 
outburst ' is of constant occurrence. The paving 
blocks of the beds of torrents catch floating rubbish, 
large and small, and form temporary dams and lakes. 
Away goes a block, which deepens the outlet some 
feet. Rock after rock follows, dashing itself and 




•^ 



120 LYELL ON THE CH. VII. 

its neighbours below into pieces a tenth part of their 
former size. A day or two after, we decide that 
the brawling streamlet, which seems to ask permis- 
sion to steal through these fragments, never did, nor 
ever will, have power to move one of them. This 
* flood of outburst ' is sometimes taken advantage 
of by man. On precipitous mountain sides, where 
whole trees could by no means be got out, they are 
cut and split into logs for firewood, and pitched 
into the streamlet below, till they dam the water and 
flood themselves down. 

Can anyone look at the valleys of Madeira and 
Tenerife, and not see that they are formed by the 
rush of water ? and that the process is still going on 
as actively as ever ? Can anyone stand on the central 
ridges of Madeira, and not see that they are crumb- 
ling beneath his foot ? That every year must lower 
their height ? Can anyone see the blue Atlantic at 
Funchal turned to blood-red by every rain, and not 
perceive that the beautiful island is gradually and 
annually melting into the sea ? Though it is bene- 
ficently ordained that during this process, as it 
becomes less mountainous, and holds back more soil, 
every year it should become better adapted to the 
support of vegetable and animal existence. 

These islands exemplify the contrary eflfects of the 
contrary causes — fire and waier, and vividly portray 
the perpetual contest between the two powers which 
Lyell has united. They show us that rain, which 
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we consider only as a productive power, is the 
destroyer, the dissolver of continents ; and that sub- 
terranean igneous action, which we consider only as 
a destructive power, is the producer, the replacer of 
continents. The cause which caused the valleys is 
in as full operation at this moment as ever it was. 
Indeed, valleys exist only in the dissolution of hills ; 
that is, in the gradual and eternal wash by rain of 
the existent earth into the sea. 

Eesolutaqne tellus 
In liquidas rorescit aquas, 

and 

Tellus glomerata cogitur unda, 

are as true at this instant as in the time of 
Pythagoras, and as they have been, and will be (shall 
I say ?) evermore. 
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CHAPTER VIII. 

TRAVELLING OP SEA BEACH. 

PRNINSCJLA OF QIENS. FLINTS FBOM TORQUAY TO THE LAND*S END. 
PEBBLES OF ALL STRATA FROM QRANITB TO FLINT IN SOUTH 
COAST BEACHES. QROINS. LAW OF THE SUGAR- BASIN. SORTING 
AND SIZING OF SBA BEACH. BLOWN SAND. BOULDER CLAT. 
PORTLAND, A NATURAL GROIN WHICH CATCHES THE CHESIL BEACH. 
DOVER BUILT ON A BEACH 2,000 TEAKS OLD. SUBMERGED FORESTS. 
EMBANKED LAND IS DENUDED. NORTHERN DRIFT ANCIENT SEA 
SHORES. ORIGIN OF THE DRUID SANDSTONE. THE BRIGHTON 
'elephant bed,' AND POSSIBLE ORIGIN OF THE * CRAG.' 

PeniMuia In the first edition in 1857 I published an account 

of Giens. ^ 

of two isthmuses formed by travelling beaches, which 
join the island of Giens to the land and make it a 
peninsula. I alter the account here and give an 
entire chapter to the subject, because I think that 
my views were wrong, and that it is a subject of 
vital importance in geology and wholly misunder- 
stood by geologists. 
Flints from I was couvcrtcd thus: I spent the winter of 1857 
thJTSd'i at Torquay, and found flints on the shore. This 

End. ^ ^' 

surprised me^ because though there are flints half 
way between Newton and Torquay, they are inland 
and in the water-slope of the Teign, and I determined 
to see how far west I could find flints on the shore. 



I. 
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I visited Slapton sands westward of Dartmouth, and 
both sides of Start Point, the shore between Ply- 
mouth breakwater and the Yealm, Looe, Swanpool 
and Gillans bean at Fahnouth, the beach below the 
^Lizard lighthouse, Gadsworth cove to the east of 
the Lizard and Eynance cove to the west of it, Looe 
pool below Helston, Mounts bay on both sides of 
Penzance, Lennen cove at the Land's End, and both 
sides of St. Ives and Hayle. This was as far as I 
went, and at all these places I found flints — at such 
places as Slapton sands and Looe pool myriads 
of tons. 

It now occurred to me that if I found the flints Pebbies oi 

all strata 

of the east in the west, a fortiori I ought to find the ^o™ «»- 

' ^ nite to 

pebbles of the west in the east, since the beaches of J^Jh^t 
the south coast are supposed* to travel eastward with' 
the tide, and in all the beaches which I examined 
from Weymouth to Dover I found a mixture of 
pebbles of all strata from granite and trap up to flint. 
As a general rule the great proportion of pebbles on 
a sea beach are from local strata. Travelled pebbles 
are generally numerous directly as their hardness, 
since directly as their softness they are easily ground 

* To show the utter and universal ignorance which prevails at this 
moment as to first causes in ' geology and physical geography, I 
may quote Herschell's 'Physical Geography,* 2nd edition, page 91. 
Here this greatest man of his day makes * tide currents ' ' deposit ' 
* the great shingle drift of Dungeness Point and the Ohesil Bank ! ' 
although the top of the Chesil beach is 42 feet above the top of the 
tide. 
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into sand. The only limit to the travelling of 
boulders and pebbles is their being ground into sand, 
and the hardest pebbles, that is flint and quartz, are 
the greatest travellers. So that the general rule 
above is sometimes greatly modified or indeed 
quite reversed thus. Anyone taking a glance at 
the beach of St. Leonard's, which is on the lowest 
Wealden stratum and about midway from the chalk 
of the North and South Downs, would say that it 
was composed of flint, and the countless myriads of 
tons of flint there must have travelled at least from 
Folkestone on one side or from Beachy Head on the 
other. Indeed, take our six south coast counties, 
and I do not think that from a glance at the pebbles 
on the spot anyone would at first say whether he 
was at Helston in Cornwall, at Slapton sands in 
Devonshire, at the Chesil* beach in Dorsetshire, at 
Hurst Castle in Hampshire, at St. Leonard's in 
Sussex, or at Dover or Dungeness in Kent. 
Groins. On obscrving what are called groins the whole 

aflfair appeared clear. Where the land is low or the 
cliflfs are of soft material it is common to protect 
them by groins, that is, lines of posts boarded run- 
ning straight across the beach and decreasing in 
height from the land to the sea. These groins do 
not protect the land immediately, but through the 
medium of the beaches. That is, they prevent the 
travelling of the beaches, and it is very curious to 

* Chesil is Saxon for pebble. 
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observe how very light a breeze, if it is along shore 
or oblique to it (even oflf shore), will cause the wave 
to break obliquely to the shore, and consequently 
will heap the beach down wind against the groin. 
When the wave falls parallel to the shore it 
forms the lower shore in ridge and furrow run- 
ning straight across the shore to the sea. But 
as the wind blows the wave flows, and as the 
wave flows the beach goes, and in general the 
wave breaks on the shore obliquely. But it always 
recedes from the shore straight, consequently every 
pebble that is moved travels along the shore with 
the wind or at least with the wave. On all largo 
beaches of shingle two or three terraces may in 
general be seen, owing to the movement of beach at 
the diflferent high water marks at spring and neap 
tides, and also to the accidental differing height 
and power of the waves at high water, and on the 
same groin these terraces may often be seen to have 
been heaped while travelling in opposite directions, 
according as opposite winds have prevailed. It 
requires an oblique gale of wind at high water at the 
highest spring tide to smooth the entire beach. 

Groins are generally tied by cross beams from the 
side of the greatest exposure to wind. These beams 
become permanently imbedded and hold the groins 
by tension. So that the greater the weight on the 
groin the greater the power which holds its ties, 
and the weight against the groin is thus most 
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mgenionsly made to hold itself up. When the 
pebbles have risen as high as the groins they flow 
over the groins. But they never heap on the 
leeward side. On the contrary, the sea always 
digs deepest on the leeward side of the groins. 
For the oblique wave flows freely up the heaped 
windward side and over the groin and falls with 
impact on the unheaped leeward side and would 
undermine praps of the groin. Thus the beach on 
the leeward side of a groin recedes from the sea by 
denudation, and the beach on the windward side of a 
groin advances into the sea by heaping, and the 
oblique wave is constantly at work to bring the line 
of beach parallel to itself. 
Lew of the Pack the sugar-basin, the large lumps below, the 
im«>« small ones above, and cover the whole with fine 
pounded sugar. This arrangement will remain for 
ever unless motion is given. Give motion; the 
entire packing is reversed ; the pounded sugar goes 
to the bottom, the large lumps come to the top, 
because the small grains have a greater facility in 
passing downward between the large lumps than the 
large lumps have. From the sugar-basin reason, 
when the field has been well worked and harrowed, 
all the surfiice flints are above the surface. Abstract 
the motion and they have a tendency to sink, I 
soHing think, as low as the bottom of the soil. From this 
*f *y sugar-basin reason, as the largest pebbles are always 
on the snrfiice of the beach, they are the first to be 
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struck by the wave, and they are rolled to the top 
of the beach, and this sugar-basm reason sifts, 
sorts, and sizes the beach on every sea-shore or 
lake-shore of the v^ide, wide world. In screening 
sand or. gravel the largest grains or pebbles run 
down to the lower part of the surface. On the 
shore it is the upward stroke of the wave which 
places the largest pebbles on the upper part of the 
surface, and as extremes meet, the lightest floatage 
and the heaviest drift travel together up the shore 
in each flood tide, and are left together in a line to 
mark how far it ranged. 

But the largest pebbles on the surface of the 
shore are not only exposed to the upward stroke of 
the wave. They are also exposed to the onward 
stroke of the oblique wave. The largest pebbles 
travel most quickly to leeward, and between all 
groins this diminishing of the pebbles from the 
leeward groin to the windward groin may be 
seen. 

Now, as the oblique wave travels along shore, ^J^ 
but returns straight^ there must be a constant 
passage of water along shore to leeward. This must 
be compensated by an under current in the sea, 
and though this under current would not carry 
shingle, it would carry those finest particles of sand 
which may be held in suspension, and I think that 
this is the cause of the accumulation of sand fine 
enough to blow, which is so common at the wind- 
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ward end of large beaches, and which may be 
observed at Bridport (Bride-port), the windward 
end of the Chesil beach, notwithstanding the con- 
stant export of countless tons to all parts of the 
world for the manufacture of ' Portland Cement/ 
But besides these normal movements, some seas 
carry beach out for other seas to bring in again. 
Thus I was told by fishermen at Abbotsbury that 
their crab-pots were sometimes filled or buried by 
shingle at a considerable distance at sea, and at 
Slapton sands that smugglers dared not sink their 
tubs there for fear of losing them in that way. 
Quantities of beach are carried out too far to be 
washed in again. And in this way in the clays 
which are in deposit nearest to sea shores boulder 
clay is and ever has been in formation all over 
the world. This is the origin of the rounded 
pebble, the travelled pebble, the sand and the 
Druid-sandstone in our ' plastic clay and sand.* 
Now, I think that the law of the sugar-basin and 
STch^^e the laws of the groin apply universally to all beaches 
and that the peninsula of Giens and the peninsula 
of Portland may be viewed as natural groins. At 
St. Salvadour on the coast of France, opposite to 
Giens, I found what I conceive to be a raised beach. 
Kaised beaches exist along our south coast, and 
I think that it is the shallows caused by the 
rising of the land which has allowed the accumu- 
lation of double beaches between Giens and the 
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land as v^ell as betv^een Portland and the land 
(Chesil beach and Smallmouth sands).* 

Pebbles never accumulate where the vyrater is 
deep and the cliff steep, not because they cannot 
travel there, but because they cannot stop there. A 
boulder lifted there travels vdth the wslyq almost 
as freely as the v^ater wrhich composes the v^ave. 
Boulders can no more accumulate v^here the weAer 
is deep and the cliff steep than soil can accumu- 
late on the face of a precipice, though the soil 
is perpetually forming there from disintegration. 
It is the friction» of a sloping shore and the con- 
stant tendency to be landed high and dry which 

* It will be observed that I have attributed the formation of the 
Chesil beach and of all other beaches to the impact given to the 
wave by the wind, while all other writers, including even the great 
Herschel and Lyell, attribute their formation to currents or the tide. 
In the Geological Magazine for November, 1869, page 523, I wrote 
as follows : '* I would wish to say a word as to the heaping of the 
beach which is formed by the * natural groin.' Mr. Whitaker 
avoids the question. But he mentions * the set of the current ' from 
west to east three times. The shingle, he thinks, is carried by this 
current, since (page 485) the shingle is * stopped in its easterly 
course,' and in page 436 he seems to form the shingle beach by 
* the general set of the current.' Lyell, as quoted by Mr. Whitaker, 
attributes the heaping to * meeting of tides,' ' a great eddy,' * the 
tidal wave,' and * the set of the tide in the narrow channel.' While 
Herschel (Physical Geography, 2nd edition, page 91) makes * tide 
currents ' deposit * the great shingle drift of Dungeness Point and 
the Chesil Bank." 

Let us for argument grant Mr. Whitaker's assumed current from 
west to east along our south coast, and let this current be of force 
sufficient to drive pebbles of the size of those at the Portland end of 
the Chesil beach, they would at least travel alone the bottom of the 

K 
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stops the boulder on his journey, and they only stop 
when they have got out of the way of the sea. They 
cannot rest within reach of the waves. A storm 
at a high spring tide may put them out of route 
for years, centuries, nay, thousands of years, and 
again set them at liberty. 
Dover built Speaking liberally, we know that part of the 

on a beach 

2,000 yeaw bcach at Dovcr has been stationary for 2,000 
years ; since Lyon (page 149, vol. i.) says ' the 
Romans erected some of their first buildings upon it at 
this place and a part of the ruins have remained 
to our time,' and these banks must not only have 
been formed, but must have assumed a permanent 
character before they were built on by the Romans. 

current. But even if they floated on the top of the current, how 
could they get to the top of the beach, which is 42 feet above the 
level of the water ? So, if Ly ell's and Herschel's tide had * eddied ' 
here, it must have flowed as high as the top of the beach, and even 
then it must have carried the pebbles on its surface to have placed 
them where they are. These philosophers would be the first to 
remind us of the rule that water can only find one level, and that it 
cannot rise above its source. And this rule entirely precludes the 
possibility of the beach being heaped by tides or currents. But rules 
are apt to have exceptions, and the exception here is that when 
impact is given to water it will itself rise, and it will raise other 
substances very much higher than its source. In art we see this in 
the ram which by impact sends water to the top of the house, though 
the ram and the source of the water may be much lower than the 
foundation of the house. In nature we see the exception in the 
effects of the impact given to the wave by the wind. It is then not 
tides or currents of water, but currents of air giving impact to the 
waves which have driven the drift to the top of the beach. Drayton 
gives this vera causa in 1613, * by the south wind raysd.' — Note to 
the third edition. 
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From these times to the present day, and especially 
• from the times of Edward the Confessor, William 
the Conqueror, Henry VII., and Henry VIII., the 
case has been perpetually litigated, engineers versus 
travelling beaches, or Act of Parliament against act 
of ocean. The engineer's art, hov\rever, has not 
been called on to prevent ocean from destroying its 
apparently most ephemeral land together v^ith the 
the town on it, but to prevent ocean from con- 
solidating its work to such a degree as to stop up 
the harbour. Lyon says (page 146) *the houses at 
the foot of the high and almost perpendicular cliff, 
are considered by strangers in a perilous situation ; 
but use has familiarised it to the inhabitants, and 
experience has taught them that there is not much 
danger to be apprehended by the falling of the chalk 
above them.' This fact is quite in accordance with 
the theories which I fight for. The sea under- 
mining the foot of a cliff keeps it a precipice and 
induces heavy falls. Kemove the action of the sea 
and atmospheric disintegration and denudation work 
most mildly in softening down the precipice, and the 
accumulation from its gradual decay is easily pre- 
vented. But for this it would long ago have 
formed a smooth slope of grass. But in parts now 
the foot both of the east cliff and west cliff is 
terraced and cut into somewhat smoky hanging 
gardens. 

Every headland projecting from a line of coast 

K 2 
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forms a boulder-parting or division of a boulder- 
flow, as the crest of a hill forms a water-parting 
or division of the rain-flow and soil-flow, and the 
foot of each headland is bare of beach as the crest 
of the hill is bare of soil. The ruins of the head- 
land, however, furnish a constant supply of land 
boulders for the bay on each side, which accumulate 
there as soil accumulates in the valley. 

If in the centre of the bay rain and rivers have 
denuded the land to the sea level, the sea cannot 
farther erode it except by first shovelling the whole 
beach on to the land and then eroding the ground 
on which the beach stood. Thus the hard head- 
land while it faces the attack of the eternal eroder 
at the same time throws a shield of boulders before 
its softer neighbours. 
Submerged Whcrc the Upright stems of trees, with their 
roots in their place as they grew, are found on the 
shore below high water mark, ' a catastrophe,' or 

* a grand convulsion,' or 'a subsidence of the land,' 
or * an oscillation of level ' is inferred. Mantell 
calls these * submerged forests,' or collections of 
stumps * subterranean forests,' and he compares 
them to the silicified forest of the * dirt-bed ' of 
Portland, and the along-shore boatmen are quite 
angry if you will not allow that where the sea is 
now a forest was * before the flood.' But such 

* catastrophes ' are, as I have stated in the Athe- 
naeum, simply the result of the most gradual 
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operation of rain, rivers and the sea. In former 
days the stream or the rain valley cuts its estuary 
far deeper even than low water mark, and forms 
what is called an arm of the sea. In later days 
the sea throws up a bank of shingle across the 
mouth of the deep-cut estuary, completely dams 
itself out and partially dams the streams in, though 
these often soak through the shingle at low water 
so as never to rise near the height of high water. 
Thousands of such cases exist in England. These 
sea beaches thrown up by storms frequently stand 
not only very much higher than the high water of 
the sea which throws them up, but the land behind 
them is often much lower than the high water 
of the sea, and thus, according to circumstances, 
peat, pasture or wood grows below the high water 
mark. The rapidity of the growth of alluvial 
deposit from periodical inland floods is then much 
increased. For all the alluvial wash of the entire 
valley or waterslope is here at once stopped short, 
none of it can percolate the shingle into the sea; 
deposit is rapidly accumulated on deposit, and 
rooted trees are found under peat, in peat, and 
above peat, not only on the shore outside the 
shingle-bank, but in cutting the sluices inside the 
shingle -bank, and by degrees the land which was 
below low water mark may be raised by alluvial 
deposit far above high water mark. "When man 
appears on the scene, if fine alluvium plasters up 
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the shingle enough to hold back the water, it is a 
common practice to dig a trench a few feet into 
the shingle which lets the water flow off in a 
stream, or if circumstances admit, a trench is cut 
through the shingle and occasionally cleared. 
Then come sluices and iron piping through the 
shingle bank. The land drainage is let out at low 
water and the sea kept out at high water. Millions 
of acres of our best pasturage are held on this 
Embanked tenurc. But whcu the streams are embanked and 

land IS 

denuded. ^^^ |^|. ^£p ^^ ^i^^ ^^^ g^ perfectly as to prevent their 

natural annual overflow, annual denudation of the 

old alluvium will take place, instead of deposit of 

new alluvium, and the land may again become 

. denuded far below the usual tidal level. 

The natural progress of such shingle banks is 
inward, that is, landward. In this progress they 
include and preserve the stems and roots of any 
trees which are in their line of march, while the 
heads decay and fall. As the shingle bank travels 
inland the sea erodes the site on which the bank 
lately stood and exposes between high and low 
water the peat and the stems and roots which the 
shingle had covered. This may be seen at such 
places as Pevensey sluice, or at Pebblesham at the 
west end of St. Leonard's (and the Ham which 
the railroad traverses there is composed of pebbles), 
at Hastings opposite Manteirs ^ diluvial valley.' 
In a minor way it may be seen in the bays of 



CH. VIII. TRAVELLING OF SEA BEACH. 135 

Torbay. To the centre of the bay, as Torbay, the 
beach travels from each horn, from Berry head 
and from Hope's nose by the same vvrind. Hence 
the accumulation of beach at the centre of Paignton, 
and the very same force vvrhich has carved this bay 
out of the soft sandstone betw^een the two hard 
limestone heads throws up this bar of protection. 
The Paignton beach travels from the Torquay or 
Hope's nose side to the north foot of Koundham 
Head. The Goodrington beach travels from the 
Brixham (Brides-ham) or Berry head side to the 
south foot of Koundham head, and walls are built, 
not to keep back the sea watery but the sea land. 
Through these accumulations of beach the streams 
are now passed artificially. In former ages before 
art let the water out at low water, marshes, bogs 
and peat have accumulated behind the beach. Peat 
is seen in front of it now below high water mark. 
In this peat at Torre Abbey the stumps of trees are 
seen. 

As the prime agent in these movements, the 
wind, is the most changeable gentleman on earth, 
so are his works. They are constantly being 
placed, displaced and replaced ; and in continuous 
gales boulders not only pass backward and forward, 
round headlands from one bay into another, but 
perform this countermarch constantly till they are 
ground into sand or till they get high and dry on 
a settled beach or into a settled line of travel. 
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We have here a vast, universal and eternal 
agency which is always at work, and which has 
been always at work, and which will be always 
at work on every shore throughout the globe, and 
which, without the aid of ice, or icebergs, or 

* glacial epochs,' or * waves of translation,' or 

* great advancing waves from the north,' or other 
such monstrous assumptions j'^ is always forming 
accumulations of transported boulders here, of 
shingle there, and of sahd in another place, and 
this simple cause has originated all those inland 
drifts which are entirely composed of boulders and 
water-worn pebbles with foreign pebbles among 

Northern thcm. That is, all those drifts (and I include 

drift an- 

what is absurdly called * northern drift ' ) are 
simply ancient sea beaches ; and as causes of the 

* northern drift ' the monstrous machinery and 
decorations which I have mentioned may be re- 
garded and discarded velut SBgri somnia. 

As every part of the earth which is now above 
the sea has once or more than once been under 
the sea, so it is only natural that in every part of 
the earth we should find traces of the sea and of 
sea shores. Sea drift with the marvellous mixture 
of pebbles from granite and trap to the chalk flint, 
may be seen in six different positions within the 

♦ Another source of erratic boulders on the shore is from the 
mouths of rivers, which, passing through the different inland strata, 
bring down specimen boulders from all of them. 
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narrow limits of my own county of Hampshire. 
The materials of this sea drift have been placed 
in these six diflferent positions under circumstances 
most distinct, and in some cases at periods most 
distant one from the other. First and foremost, 
on our sea shores at this instant may be found 
mingled pebbles from every geological formation 
in England. Second, the same mixture is found 
in our raised beaches; and since the shore on 
which the Komans built at Dover is at the same 
level as the present shore, our raised beaches must 
be at the least 2,000 years old. Third, the same 
mixture of travelled pebbles is found in the gravels 
which bed our upper dry chalk valleys. These 
gravels are, indeed, almost entirely angular, or 
only slightly worn and w/itravelled. They are the 
residuum of denudation. That is, while the wash 
of rain cut the valley through the clay-capped 
chalk, the travelled pebbles of the tertiary clays 
were dropped in the bottom together with the 
untravelled angular secondary flint. Fourth, in origin of 

the Druid 

the Druid sandstones of Froxfield, on the top of eandatone. 
the clay-capped chalk hills of the Petersfield 
hangers, and in the pudding-stones of Bridestone 
lane, near Alton, I have found rounded pebbles 
of quartz mingled with pebbles of flint, and I 
should guess that as all conglomerates must have 
been formed on sea shores, all conglomerates will 
be found to be mixtures of travelled pebbles. These 
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Druid sandstones and conglomerates have nothing 
to do with icebergs, nor have they themselves 
travelled, though their materials have. They are 
simply sand or pebbles of tertiary sea shores 
accidentally hardened into stone by water impreg- 
nated with iron, carbonate of Ume, or flint. When 
they are on the bare chalk they also are the 
residuum of denudation, that is, these hard nodules 
remain after the soft clays have disappeared from 
the chalk by disintegration and the wash of rain. 
Fifth, over the entire surface of our ploughed land, 
whether of tertiary clay or of secondary chalk, 
the same mixture of travelled pebbles may be 
found. The clays have been deposited in the 
sea as a general rule farther out to sea than, the 
sands, but in storms at high water sands and 
these pebbles have been washed into them. So 
that gravel-pits exist on our clay hill-tops entirely 
of rounded pebbles. When on the chalk, these 
pebbles must again be the residuum of denudation, 
that is, they remain after the clays which held 
them have disappeared by disintegration and the 
wash of rain; and Sixth, this marvellous mixture 
of travelled pebbles from granite and trap to the 
chalk flint is to be seen in the greensands of 
Woolmer Forest under the chalk. Have icebergs 
or the * great advancing waves from the north,' or 
the ^ waves of translation ' driven this drift under 
the chalk ? About as much as they have collected 
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the mixture of pebbles on our present sea-shores. 
The sands of Northern Germany and of European 
Eussia have been deposited in shallow seas. What 
then can be more natural than that lines of 
travelled boulders, absurdly called northern drift, • 
should remain where sea-shores were ? That the 
wave has power to handle the largest block, even 
when most firmly fixed, witness the demolition and 
disappearance of our piers and breakwaters. 

The Brighton * Elephant Bed ' rests on an ancient The 
sea beach containing such a mixture of boulders. ^®?^^* 
The Elephant bed itself is composed of unworn or 
slightly worn materials. Chalk rubble, loam, chalk 
flints and masses of Druid sandstone and con- 
glomerates. These are sometimes cemented into 
what is called coombe rock by water containing 
carbonate of lime. Throughout the Elephant bed 
the remains of elephants, horses, deer and oxen are 
found. The shingle of the ancient beach below 
contains boulders of porphyry, granite and slate. 
The sand below the shingle contains bones of whales 
with sea shell fish of existing species. I consider 
this Elephant bed to be a land drift which reached 
the seashore after the beach was raised. Abstract 
the sea and there would be deposits of this sort, 
around the whole of England. The sea sweeps the 
shore clear now of all that will float as muddy water. 
Mantell does not think so. He gives this engraving 
in the ' Wonders of Geology,' and supposes that 
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when the ancient raised beach B was at the level of 
the sea the whole line of coast subsided to the depth 




The sea. 

South "^ North 

ELEYATBD BTSATA AHD BBACH AT BBIGHTOK, BAST OF KEMP TOWS, 

A, Elephant bed; b, Ancient bed of Shingle ; o, the Chalk; n. Terrace of Chalk 

beneath ttie ancient sea-b^tch. 

1. (a), Chalk, rubble, loam, &c., obscurely stratified; this deposit, from its contain- 

ing many teeth and bones of elephants, I have named the Elephant bed ; it 
constitutes the upper three-fourths of the cliffs. 

2. (b), Shingle, or sea beach and sand, several feet above high- water mark. This 

ancient shingle, which from the inroads of the sea extends in the cliffs beyond 
Kemp Town but a short distance inland, is constantly found beneath the loam 
and clay, several hundred yards North of the shore, in the Western part of 
Brighton. In wells sunk in the Western road, the shingle bed was reached at 
a depth of fifty-four feet. 

3. (c). The undisturbed chalk, which forms a sloping cliff, inland, behind the 

Elephant bed (a), and shingle (b), passes under the latter, and appears as a 
terrace at the foot of the present cliffs (d). 

at' least of the present top of the Elephant bed A, 
and that the Elephant bed was deposited on the 
ancient beach under the sea, and that the whole 
has been raised again. I quite disagree. There has 
been no sinking since the formation of the ancient 
beach, but simply one rise to the small height above 
the sea which that beach stands at. This laid dry 
a vast extent of sea-bed. The action of the sea 
which had formerly kept the cliflf C precipitous is 
removed. The cliflf becomes * a sloping cliff inland j* 
and down its steep sides the Elephant bed has passed 
simply by the wash of rain and has been deposited 
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on the dry ancient beach. It is a land drift deposited 
on land, and therefore contains remains of laiid 
animals, consequently its materials are unworn or 
only slightly worn. But it is curious to consider 
the mixture of travelled materials, organic and in- 
organic, which meet in this land drift and the ancient 
and modem beaches below without the aid of ice or 
icebergs or waves of translation, but by the simple 
operations of rain, rivers and the sea.* The sea 
not only peremptorily refuses burial to our dead in 
her vast cemetery, but how often does she cast her 
own dead on to our shores, and thus we here find 
the largest animals of the land not mingled but in 
contact with the largest inhabitants of the deep. 
And it is curious to remark how Nature blows hot 
and blows cold at every turn. I do not mean that 
with one breath Nature blows the globe into a state 
of igneous fusion to please Leibnitz, and with the 
next breath into an icicle to please Agassiz. But 
observe the contrary effects which she makes to 
follow on each other from the same causes. I have 
mentioned the throwing up a protecting dam of 
beach at the centre of the bay by the very power 
which is scooping the bay out. Again, Nature has 
no sooner, by rain and rivers and the sea, cut the 
estuary deep below the level of the sea than with 

* I have never seen the Crag of Norfolk and Suffolk, but from 
what I have read of it I should gtiess that it had originated from the 
same causes as ' the Elephant bed ' has. 
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the very same workmen she fills up the cutting. 
She dams the sea out with its own beach and shovels 
the contents of the ever widening, ever lowering, 
ever lengthening valley into the estuary. Or in other 
cases, at her • omnipotent will she makes the vic- 
torious land to follow the sea into its own regions, 
and protrudes a delta into it of thousands of square 
miles in extent. So in the case of Giens and of 
Portland, Nature has no sooner divided the islands 
from the land than by hoisting up the land she sets 
the same workman, the sea, whom she first employed 
to sever them from the land, to join them to the 
land again. What can be more contradictory or 
impossible than all this in theory ? Yet in practice 
it has taken place for ever all over the world and 
is taking place all over the world now. 
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CHAPTER IX. 
Sedgwick's doctrine that denudation is only 

ON LINES. 

AQUEOUS DENUDATION IS UNIVERSAL,. AND IS NOT CONFINED ONLY TO 
LINES OF TORRENTS AND RIVERS. THE BEDS OF GLACIERS 

. SUFFER DENUDATION. LAND COVERED BY ETERNAL SNOW SUFFERS 
DENUDATION. CAUSE OF THE DESCENT OF GLACIERS. THAT ICE 
AND SNOW MUST ACCUMULATE AT THE POLES IS FALLACIOUS. 
MOUNTAINS WHILE RISING MAT BE DECREASING IN HEIGHT. AERIAL 
DENUDATION AND DEPOSFT. 

According to Professor Sedgwick (Lyell's *Princi- Aqueous 

denudation 

pies/ p. 684), * torrents and rivers act upon lines j^d^n"^*' 
only/ while vegetable growth and deposit, * the ^S^the 
antagonistic power * to * the spoliation and waste rents and 

riyers. • 

caused by running water on the land,' are universal. 
But the area of aqueous denudation, or wash of rain, 
is still more universal than the area of vegetation. 
The disintegration of the barest rocks and preci- 
pices, of the barest mountain ridges, beyond the 
pale of vegetation, is washed by rain to the plant- 
clothed hill-side below. Nay, even from the moun- 
tain-top clad with eternal snow, the descent of this 
en massey the avalanche and the glacier bring down 
debris with them to be disintegrated below. Indeed, 
glaciers bring down their huge quota ready ground 
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for exportation by the torrents which they generate. 
According to Saussure, fonr of these main channels, 
or trunk lines of denudation, are continuous from 
the top of Mont Blanc, and from these the debris 
of * the monarch of mountains ' are traced for great 
distances. 
The beds That the beds of the valleys of glaciers suffer 

of glaciers 

S^tion denudation like those of other valleys, I think we 
may infer for two reasons. First, the grooves or 
lines scratched on the sides of the valleys by the 
passage of the glaciers are discovered far above their 
present level. Next, if this were not so, there . 
would be an abrupt break or step from the glacier 
valley to the valley in prolongation of it. 

Besides the moraines or heaps of undigested detritus 
deposited by glaciers at .their lowest ends, the 
streams which issue from them are always loaded 
with mud. These streams are flooded in the spring 
and summer, when the snows melt, to such a degree 
that, Saussure says, they raise the level of the Lake 
of Geneva six feet in that season. There is a common 
belief that the waters of the Khone pass through 
the lake without mingling with it. The river, how- 
ever, enters the lake as muddy as possible, and 
leaves it as pellucid as possible. Perfectly clear 
water reflects the colour of the sky. And the waters 
of the lake and of the sea are as blue as the sky 
above them in clear tveather ; but in cloudy weather 
^^^ev are lead-colour. 
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The same argument will prove that the parts of ^^^^ 
mountains covered with perpetual snow suflfer aqueous mo^Xw 
denudation precisely the same as all other parts of tion. 
the earth. For if not, along the lower line of snow 
we should find terraces the reverse of those of Glen 
Roy, and similar to some which I shall mention in 
the next chapter; that is, the terraces would be 
above the denuded parts instead of below them. 
Summer rains, and the melting of snow by summer 
suns, percolate the snow, and what does not enter 
the ground runs oflf it, and denudes it the same as 
if there were no snow. But it is a fallacy to 
suppose that if a * glacial epoch ' had ever existed, 
a greater denudation would have gone on than now 
goes on by rain and rivers. 

The cause of the descent of glaciers is simply fh^dr^nt 
the pressure of snow from above their upper ends. ^^«^^^^^*' 
Mr. Hopkins (* Philosophical Magazine,' October 
1859) is as unfortunate here with his glacial 
mathematics as he is in the Weald with his igneous 
mathematics. He talks of * the tendency of such 
an enormom weight of ice to descend down a plane 
even of very small inclination ; ' and he mentions 
slopes * at inclinations sometimes not exceeding 
2* or 3*,' and he assures us twice over, that his 
conclusions ^ were as certain as that of the parallelo- 
gram of forces, and no theory which contradicted 
them could possibly be tnie.' Very much so. 

But then, no doubt, it equally as true is 

L 
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that * an enormous tceight of ice ' can no more slide 
down a slight incline than a small weight of ice 
can. Or if it can, perhaps the. mathematician will 
tell us why it can. And on slopes of two or three 
degrees, and on all the slopes of the lower ends of 
glaciers, solids large or small (and among them ice) 
would rest motionless. If a glacier could be ex- 
tracted from its valley, the valley would be instantly 
filled again by the fall of the snow from above into 
it, which snow was before supported by the upper 
' end of the glacier. It is only the pressure of this 
snow from ahove^ which pushes the glacier down ; 
abstract this pressure from abovej that is, let all the 
snow be abstracted from Mont Blanc, and let no 
more snow fall, every glacier would cease instanily 
to move downward. They would retreat upward 
by melting, and would finally disappear ; even above 
the former snow-line, they would melt in summer 
suns. But as snow constantly does fall on Mont 
Blanc, and as it cannot melt there in the same 
proportion as it falls, it would constantly a(;cumulate 
there unless it was constantly shoving the glaciers 
down towards the sea, as rain is constantly shoving 
the whole surface of the earth down towards the 
sea. There is po tension from below. On the 
contrary, what is below waits for a vast pressure 
from above to set it in motion. Owing to the 
friction of the bed of the valley, the central ice 
yields most easily to the iiressure from ahovey and 
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travels most quickly. This principle obtains also 
in rivers, though water is neither viscous nor brittle. 
But Professor Forbes is unfortunate in calling ice 
(one of the most brittle things we know), viscous. 
A glacier travels at different rates in different parts, 
or alters its form to the form of the valley on the 
same principle that holds in the ice-house, that is, 
by being pounded to atoms and freezing solid again. 
This results from extreme brittleness, the very 
reverse of viscousness. I have seen water frozen 
solid in small holes on the top of a Druid sandstone 
here. The ice, unable to burst the stone, may be 
said to have burst itself. That is, it rose in the 
centre like a bull's-eye, and the rays of fraction 
from the centre were so numerous as to give a white 
appearance to the ice. It has been said that 
(although water expands in freezing) ice contracts 
by cold. If so, such globes should become loose 
in their matrixes, which they do not. 

Though ice and snow perpetually surround the Thntice 

XX j^jj^ snow 

two poles, it is not the same ice and snow, any more ^^*'^\ 

X ' 'J crease at 

than the snow on the 'mountain top or the water MuSious" 
in the river continues the same. And the idea that 
ice and snow must increase at the poles is fallacious. 
Every year thousands of enormous mountains, we 
might say continents j of ice (all bearing mud, earth, 
and stones) float off, and are melted in more tem- 
perate latitudes. The causes of increase or de- 
crease of snow which mmj occur at the poles, are 

L 2 
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shown by a magnificent theory of the illustrious 
Lyell. 
Mountains j^ ^qqq j^qJ foUow that whilc mouutaius are rising 

while nsmg o 

^l^,t they axe increasing in height. They may be de- 
creasing in height. Suppose the Alps to have been 
rising six inches in a century for myriads of years; 
if their denudation has been seven inches in a 
century, they have been decreasing in height. 

It is true that the direct action in waste and de- 
nudation of torrents and rivers is on lines only ; and 
were it not for the atmospheric disintegration and 
the lateral wash of rain this their direct action would 
only cut ravines and channels to the sea, and the 
sides of all valleys, instead of sloping, would be 
cliffs; that is, where a spring issues high up the 
mountain side, it will cut a deep ravine with pre- 
cipitous cliffs, and the deeper it cuts, the more 
springs it will lay open. But what widens this 
ravine into a broad valley with gently sloping sides ? 
The lateral wash of rain into the longitudinal valley. 
And what forms the broad valley, even wliere titer e 
is no river at the bottom ? or within many miles ? 
The longitudinal scooping power of the concentrated 
wash of rain, which in no respect differs from that 
of the torrent, except in its being a hundred fold 
more powerful than the torrent. It is indeed in- 
termittent; so is the real scooping force of the 
torrent, for torrents only really excavate when 
sivollen by rain. A torrent swollen by rain to 
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perhaps twenty times the volume of its usual spring 
water, and hurling fragments of rocks along of all 
sizes, is, in point of excavating and destructive 
power, as much more formidable than its usual 
self as a shotted gun is more formidable than an 
unshotted gun. Horace describes this well : — 

cetera flmninis 
Rita fenmtury nunc medio aeqnore 
Gum pace delabentis Etruscum 
In mare, nunc lapides adesos 
Btirpesque raptas et pecus et domos 
Yolventis una non sine montium 
Clamore vicinaeque silvae, 
Gum fera diluvies quietos 
Irritat amnes. 

We never see the clear torrent set its rocky ammu- 
nition in movement, though the shape of this am- 
munition tells us how often, and for what distances, 
it has been projected. But when the torrent is 
turbid with the wash of rain, we can hear its huge 
cannon balls rattling down, and grinding each other 
and their rocky bed and banks, till what has started 
from the mountain's brow as a huge rock arrives at 
the sea in the form of pebbles or of sand. For 
although, as the flood of rain subsides, the flow of 
boulder stones ceases, this is only for a time ; each 
rain sets them on a stage on their journey, as, in 
lower levels and gentler gradients, will be seen of soil, 
and the more minute particles formed by disintegra- 
tion and vegetable chemistry. 

And it is not only that districts of rocks are 
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amply supplied with this ammunition which districts 
of softer subsoil are wthout ; but as rocky subsoils 
have little power to admit rain by absorption, it 
agglomerates in the ravines which it finds ready 
loaded to the muzzle with loose rocks and boulders • 
And thus the longitudinal cutting of ravines pro- 
ceeds in rocky mountains perhaps as rapidly as in 
softer subsoils. But the widening of these longi- 
tudinal ravines into broad valleys by disintegration 
and the lateral wash of rain is a process infinitely 
sloto in comparison to what takes place in districts 
of softer subsoils. 

But as sure as dry land stands betwixt high 
heaven and the sea, the waters of heaven will wash 
it into the sea. And whether the dry land be of 
soft or of hard material simply makes the difference 
of the comparative time required for the operation. 
In soft and porous subsoils, as the tertiary and 
chalk, though nature does not make so much fuss 
about the affair, she proceeds equally surely. 

The top of the same Hampshire hill, which may 
be chalk capped with tertiary strata, is on one side 
moving to the German Ocean, through the medium 
of the Thames, and on the other side to the English 
Channel, by the Itchen, forming one of Humboldt's 
'fissures,' or Mr. Hopkins's 'fractures.' From all 
sides of the tops of these hills, and from all sides 
of every height on the globe, there are dry river 
bedsy sine flumine valles, Aovm which soil flows 
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whenever rain is heavy enough to run; and all 
the infinite ramifications of these dry riversy or 
ravines, or gorges, or gullets, or coombs, or chines, 
or bottoms, or vales, or dales, or deans, or lavants 
(qu. from labens), by whatever name they or any 
parts of them are locally called, all have descents 
graduated by water, and outlets to the running 
rivers (if not to the sea), without any abrupt 
junction of the lower ends of the dry valleys with 
the upper ends of the river valleys ; and no drop of 
rain runs an inch on the surface of the earth 
without, as far as it goes, setting some soil forward 
on its road to the sea, and it won't run back again. 
No return tickets are given. It will wait there, and 
go on by the nex-t-rain. The very soil on which 
we tread, and which we cultivate, may be said to be 
on its road from the hill to the sea. Soil which is 
the disintegration or detritus of rocks (I use the term 
rocks in the wide geological sense) is in perpetual 
formation over the whole surface of the earth ; and 
from the whole surface of the earth it is in perpetual 
movement, by the wash of rain, to the bottom of 
the sea. 

This paragraph was scarcely printed m the 
second edition of the * Tree-lifter,' before I had an 
opportunity of seeing the surface water flow from the 
two sides of Filmere Hill, as I have supposed the 
soil to do. Frost set in a day or two before 
Christmas, 1853, and a great quantity of snow fell. 
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In the night of Friday, the 6th of January, 1854, a 
rapid thaw began, with heavy rain. I walked from 
Eotherfield to Brookwood on Saturday. Owing to 
the hard frost the ground absorbed no water. It 
stood on the high road at East Tisted more than a 
foot deep, nature's gradient being dammed up by the 
cross road of man. Over this, the water flowed into 
the Lavantf from Farringdon, by Chawton and 
Maiden Lane, to the East of Alton, into the Wey 
and Thames. In following the high road from 
Tisted up the north-east side of Filmere BKll, I 
saw a contmuous stream along the valley, running 
from near Ashen Wood. Where the valley was 
crossed by the new enclosures of West Tisted 
Common, the water was ponded back into lakes till 
it flowed over the small banks on which these fences 
stand. And (risum teneatis amici ?) if left to nature, 
precisely the same processes of filling up these lakes 
and cutting down their barriers would go on as have 
been described in the ancient lakes of Auvergne and 
in the valley of the St. Lawrence. 

On descending the south-west side of Filmere 
Hill, I came to a stream below the Horse-shoes, 
which continued along the Dean to Bramdean, 
through the Lavant, between there and Cheriton, to 
Tichbome and Southampton. The streams of these 
two usually dry trunk valleys were joined by very 
strong streams from their usually dry branch valleys. 

In such a case, where the surface of the ground 
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is frozen hard, one would suppose that very little of 
the soil would be washed away ; yet whenever snow 
is drifted, be the ground ever •so hard frozen, a great 
quantity of soil is drifted with it. * White as the 
driven snow/ is an expression as trite as it is 
poetical. But as the driven snow melts, its surface 
becomes anything rather than white. The melting ^jjjfj^" 
snow percolates through itself in the form of water, J^jf** 
and the whole of- the soil which is mingled with its 
entire bulk, is gradually accumulated on the surface, 
giving the drift the appearance of soil rather than of 
snow. And when the drift has entirely melted, a 
residuum of eartli is deposited on the ground. If 
this aerial denudation and deposit of soil take place 
in drifts, I think it probable that aqueous denuda- 
tion may take place in rapid thaws, be the ground 
ever so hard frozen. In fact, neitlier wind nor water 
under any circumstances, ever travels empty-handed. 
That is, dust and detritus in dry weather take passage 
by wind, in wet weather by water. 

I once saw a remarkable example of aerial deposit 
under circumstances the most adverse to it. In an 
attempt to ascend Mont Blanc, before our arrival 
for the night at ' Saussure's house,' I counted in a 
rent, or crevasse, of a glacier which we passed, 
many years of snow. The top of each of these 
annual beds was clearly marked in black, and I 
tliink it quite probable that an aerial deposit takes 
place over the entire snowy surface of Mont Blanc. 
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I need not remark that this portage of soil by 
wind must take place in all frosts, independent of 
snow drifts. Though the effect of this widely- 
operating cause will not be so apparent as when its 
burthen * violates the ingenuous snow/ 

What is driven along the bottom by water (for 
instance, shingle) is arrested on the near side of any 
obstacle in the form of drifts but what is held in 
suspension in a stream is deposited on the farther 
side in the form of alluvium. And a comparatively 
small object, say a drifted tree grounded in a river, 
by causing a back-water or eddy, may form a huge 
alluvium or mudbank or island below it, which may 
change the course of the river. It is very curious 
to remark the huge drifts of snow which very slight 
objects will collect on their leeward sides. But as 
the wind, unlike the stream, is constantly shifting 
to every quarter of the heaven, any collection of soil 
deposited by wind, instead of being constantly added 
to, may be frequently despoiled. 

There are, however, some places, as the tops of 
bare hills, which are constantly denuded by wind, 
and others, such as woods, which are constantly 
enriched by wind ; and as they are free from aerial 
denudation, the soil of woods is more than compen- 
sated even for the crops taken from them by man. 

A part of the products of vegetation may be said 
to be stored in the bodies of animals. And as 
carnivorous animals prey on the herbivorous, a part 
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even in camivorons stnimals, but the longest lived 
animals and plants die, and their hardest parts 
decay; so that, on the average, the entire mass of a 
year's growth of all terrestrial vegetation may be 
considered as taken annually from below the surface 
and annually deposited afresh above the surface. 
Much of the organic or combustible part of this 
growth goes into the atmosphere in the form of 
gases, to be returned agam to the earth in ram. Of 
the inorganic or incombustible part, or what would be 
the ashes of plants and animals if burnt, much is 
washed into the earth by rain, much ploughed in as 
manure, much washed into the sea with other soil. 
But doubtless much of this * finely divided matter ' 
is transported by wind ; and although in bulk, this 
aerial deposit is a joke to aqueous deposit, its 
fertiUsing quahties are great; and as woods and 
parts covered with strong vegetation catch a great 
quantity of it, by comparison they are enriched, 
while surrounding lands are denuded, even supposing 
aqueous denudation and deposit the same in both. 

So in dry windy weather, when cultivated lands 
are thoroughly cleansed and broken finely for 
sowing, great quantities, even of soi7, change places 
by wind, by which exposed spots are impoverished, 
and sheltered spots enriched. 

This denudation of soil is visible ; so is the 
deposit of leaves. There are spots in which leaves 
are never allowed to rest, and others which every 
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year catch large quantities. Ponds fill up even in 
man's short existence, and must be emptied if they 
are intended to serve as ponds. This happens 
whether ponds have a run of a stream through them, 
or a mn of rain into them, or art prevents any run 
at all into them. In the last case aerial deposit 
will fill them, chiefly with leaves. But in all cases 
aerial deposit forms a great item in filling ponds. 
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CHAPTEK X. 

LYELL ON NEW RAVINES, AND ON THE GANGES. 

FORMATION OP NBW RAVINES. * SUNK BOADS ' THE EFFECT OF 
AQUEOUS DENUDATION LYELL ON THE GANGES. RAIN HAS LAID 
THE WHOLE SURFACE OF THE EARTH IN RIDGE AND FURROW. 
THE SOURCE OF THE VALLEY IS ALWAYS HIGHER UP THAN THE 
SOURCE OF THE RIVER. TERRACES FORMED BY HEDGES. RIVERS 
OUTLETS OF MUD AS WELL AS OF WATER. GOLD ALLUVIUMS. 
CHINA CLAY. EVERYTHING ON THE SURFACE OP THE EARTH 
WHICH IS NOT LIVING IS DECAYING. 

A VERY slight difference in hardness of surface or Formation 

of new 

thickness of vegetation at the brow of a hill may wvines. 
concentrate the wash of rain into a stream; this 
forms a channel, which is fed by rain from its sides. 
And though all possible natural accidents of this sort 
might have been supposed to have taken place long 
ago in all but volcanic or newly raised regions, Lyell, 
quoting Sir T. D. Lauder's account of the • great 
floods in Moraysliire, August, 1829, says, * Some 
new ravines were formed on the sides of mountains 
where no streams had previously flowed, and ancient 
river-channels which had never been filled from time 
immemorial gave passage to a copious flood.' 

And again, Lyell, in giving an account of the 
formation of new ravines by heavy rains on the 
28th of August, 1826, in the White Mountains in 
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New Hampshire says, * The natural excavations 
commenced generally in a trench a few yards in 
depth and a few rods in width, and descended the 
mountains, widening and deepening till they became 
vast chasms/ This was the effect of one continuous 
heavy rain. 

And in the present day we may see ravines begun 
by the accidental results of many operations of man. 
A hedge or ditch, a pathway or waggon-way, may 
commence the furrow on the mountain's brow, nay, 
even on downs which are covered with the closest 
greensward ; and how many of our bye-roads and 
lanes become ravines I 
'Sunk Indeed, as the long conduits whose gradients are 

effect of laid by the wash of rain very generally become the 

aqueous 

dejiida- roads or lines of traffic of man, so, vice versa, the 
roads or lines of traffic of man, on or near declivities, 
very generally become conduits for the wash of rain. 
Hence our * hoUotv iraysy* * sunk lanes/ and * sunk 
roads.' Hollow ways are so common as to give 
their name to men as well as to places. In fact, 
the moment roads or lanes leave the line of the 
valley, the moment they cross the hills from one 
valley to the other, that moment they become more 
or less sunk roads. And this * more or less ' de- 
pends on the steepness of the hills, without refer- 
ence to comparative hardness : that is, the steeper 
the hill, the deeper the sinking of the road. The 
reason is, that roads on declivities are channels for 
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the wash of ram, and they partake of the nature of 
narrow valleys or ravmes. In proportion as the 
snrface of declivities is hard and unporous, the wash 
of rain and its power accnmnlate ; so that, although 
declivities whose surfaces are soft are from this 
reason more easily abraded, by their porousness, 
which is generally a consequence of their softness, 
they are to a certain extent protected from denuda- 
tion. That a foundation of the hardest rock will not 
support these modem gangways of man, witness the 
high cliffs on the sides of each Devonshire sunk lane. 

Where the subsoil is soft, as chalk, instead of 
cliffs, the banks mutter away, and shelve off, and 
where trees or coppice wood grow, have an over- 
hanging coping of roots and earth. 

When a road runs horizontally along the side of 
a hill its upper side is loaded and its lower side 
denuded. 

When a road follows the centre of a dry upper 
valley with a fence on each side, it very generally 
becomes * sunk.' And this appearance is increased 
by the fences stopping the wash of soil to the centre 
of the valley, and so raising the ground on each side 
of the road. 

But no road running along the top of a ridge or 
hog's-back ever becomes * sunk.' 

The deposit from the wash of rain on each side 
of all level roads is soon covered with growth ; it 
then catches the dust or aerial deposit, and unless 
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the pickaxe and fthovel are constantly at work the 
drainage of the road is soon choked np. 

In comparison to the broad waste from the wash 
of rain the \v aste by the direct action of rivers may 
be reckoned as nothing; and even this waste by 
the direct action of rivers takes place, I might say, 
entirely when they are flooded by rain. The real 
main geological work of rivers is indirect ; that is, 
the carrying off the traffic brought to them by the 
wash of rain ; and they carry this mighty traffic for 
the entire terrestrial surface of the globe ; at least 
their channels do. And the channels of most rivers 
would exist whether the rivers existed or not, as in 
the south you constantly see river beds dry or almost 
dry, except when filled by the superficial run of rain 
or the thawing of mountain siiov/ ; and the size of 
the channels of all torrents and rivers (except in 
alluvial parts, for a reason which is given in 
chapter xv.) is in proportion to the heavy floods of 
rain which occasionally rush through them, not to 
the comparatively small volume of spring water 
which always flows down them. 
Jo^^U^ Lyell,- quoting Mr. Everest, calculates that in tlie 

OMgen. f^pjiy ffeason (four months) the flooded Ganges dis- 
charges into the sea a weight of earth equal to fiftij- 
six great pyramids, and in the other eight months 
only the weight oi four pyramids. Now if Professor 
Sedgwick will only grant us tliesc four pyramids for 
the snows of the Himalaya, we sliall have an annual 
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superficial wash of soil amounting in weight to sixty 
pyramids. This is the ordinary and annual work 
resulting from the operation of ordinary and annual 
rains on one valley. But how many extraordinary 
floods, the result of extraordinary rains, have passed 
over the Ganges ? 

Does Professor Sedgwick think that all this soil 
comes every year from the erosion of the banks of 
the Ganges, or even from the valley of the Ganges 2 
If it did, the valley of the Ganges would soon he 
barer of soil than its declivities. The soil comes 
from a great part of all the tops^ and from all the 
sides of all the declivities of all the myriads of val- 
leys ramifying from all the tributary valleys of the 
valley of the Ganges ; and what has passed into the 
sea in the formation of the valley is a mere nothing 
to what has passed down the valley and does now 
pass down it, from the denudation of those infinitely 
extended surfaces by rain. In the rainy season, 
there is, perhaps, a body of surface-wsier which flows 

down the vale to the sea in volume fifteen times as 

* 

great as the spring water; and were every spring 
of the Ganges permanently dried up, the vale would 
still be flooded every year by a stream in volume 
only less by a fifteenth part than that which flows 
every rainy season now, and fourteen times greater 
than that which flows in the three dry months.* 

* Note to third edition. So published in 1866. In 1873 Colonel 
Holland described the bridge over the Kistnah as * a viaduct three 

M 
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The following will show what has formerly come 
down, and what still does come down the sides of the 
Himalaya into the valley of the Ganges. * A very 
ancient subterranean town, apparently of Hindoo 
origin, was discovered in India in 1833, in digging 
the Doab canal. Its site is north of Saharunpore, 
near the town of Behat, and seventeen feet below 
the present surface of the country. More than 170 
coins of silver and copper have already been found, 
and many articles in metal and earthenware. The 
overljdng deposit consisted of about five feet of 
river sand, with a substratum, about twelve feet 
thick, of red alluvial clay. In the neighbourhood 
are several rivers and torrents, which descend from 
the mountains charged with vast quantities of mud, 
sand, and shingle, and within the memory of persons 
now living the modem Behat has been threatened by 
an inundation, which, after retreating, left the neigh- 
bouring country strewed over with a superficial 
covering of sand several feet thick. In sinking wells 
in the environs masses of shingle and boulders have 
been reached, resembling those now in the river channels 
of the same district, under a deposit of thirty feet of 

qnaxters of a mile long, over a river which at times ran down like a 
mountain torrent, with from 20 to 30 feet depth of water, sweeping 
everything before it, and which at other times was perfectly d/ry.* 
Speaking liberally, we may say that the history of our Indian rail- 
roads has been the record of the washing away of such bridges by 
ra4>n floods rooting up their gigantic piers, and wafting away their 
iron girders, each of hundreds of tons in weight. 
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reddish loam. Captain Cautley, therefore, who 
directed the excavations, supposes that the matter 
discharged by torrents has gradually raised the whole 
country f skirting the base of the lower hillsy and that 
the ancient town having been originally built in a 
hollow, was submerged by floods, and covered 
over with sediment, seventeen feet in thickness ' 
(* Principles '). 

Denudation by rain extends over the whole 
space of the earth. Its pace will be modified, 
hastened, or retarded, or partially stopped, by a 
thousand such circumstances as comparative hard- 
ness of surface, porousness, levelnessj vegetation, 
heaviness of rain, hedges and fences, &c., &c. 
Over vast tracks, denudation by rain is so slow as 
to be inappreciable. Still there is, perhaps, 
scarcely any place in nature where excessive 
continued rain will not run; and this run will be 
discoloured. This discolouration will be from soil ; 
and this soil will be deposited where the rain ceases 
to run. 

Even where the overflow of a river stands and 
deposits, that deposit may be subject to denudation 
from local rain after the river, or rather the flood, 
has subsided ; though the deposit of the river may 
be annually in excess, and accumulation of soil 
may result, as in all alluvial valleys. 

But the chief thing which diminishes and retards ^^^ 

the eflfect of the wash of rain is the very force S^Vthe 

M 2 
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S^^d ^^ *^® cause. This force, speaking liberally, has 
'*^^* thrown the whole surface of the earth into ridge 
and furrow, into these graduated vales sloping to 
the sea; so that all the broad superficial runs of 
this wash are shortened^ and are made lateral into 
these longitudinal channels. We shape our roads 
high in the middle on this principle, to throw the 
rain off on each side with the shortest possible 
run into the ditch or gutter, and to prevent a wash 
along the road, which would otherwise soon wash 
our artificial road away. Were it otherwise in 
nature, were there one plane descent from the tops 
of all the hills and mountains, the volume of the 
superficial wash of rain, increasing as it descended, 
would many times in the year desolate the whole 
of the lower parts of the hills and mountains ; and 
the lower parts of the hill sides would have less 
soil than the upper parts ; they would be as bare 
of soil as the channels of torrents. The channels 
of torrents and rivers prevent this effect now ; they 
are nature's ditches and gutters, so that, in this 
light rivers may be regarded as a conservative, 
not a destructive, power. But rivers are mere 
labourers or accessories in the affair. The wash 
of rain is the engineer which has laid out the 
gradients of this preventive surface drainage over 
the entire area of the earth. 
The source The souTce of the valley is always much higher 

of the ^ 

valley is ^p Hi^jx the souTce of the river ; I mean than the 
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sprifig source of the river, for the snow source or ^^the*^ 

1. ■■•■lii /»•! T source ot 

glacier source, being both superficial sources, 1 thedTcir. 
consider the same as the rain source of the valley. 
The river has no power of making a valley above 
it ; but a torrent of rain water has the power of 
scooping a valley below it. Even on Salisbury 
Plains which is comparatively flat, and covered 
with the closest greensward, these dry valleys, or 
rather continuations of valleys, above the heads of 
rivers, exist : and that the cause which caused 
them still works may be argued from the valleys 
bemg richer in soU than the tops or sides of 
the hiUs, owing to the gentle gradients of the 
bottoms of the valleys ; for other things the same, 
that is, in the same strata, with the same vegeta- 
tion, &c., one universal result of the wash of rain 
is, that the degree of denudation of soil will be 
directly as steepness. 

Some of these dry valleys have an almost 
imperceptible slope, and they might be perfectly 
level, and yet regular channels for the wash of 
periodical heavy rain. For if water can get out 
at one end of a level channel, and can not get 
out at the other end or at the sides, it not only 
willy but must get out where it caw, 

unda impellitnr unda, 

Urgeturque prior venienti nrgetque priorem, 

and it will carry with it much of the finer soil 
formed by disintegration and vegetation. 
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When these chalky downs are ploughed up, the 
brow of the hill shows light, and the soil darkens 
in descending. This is from the rain washing the 
soil quickly down the hill, which is not so quickly 
supplied to the brow from the flatter top of 
the hill. Here the universal wash of rain may 
be seen. 

When one field comprehends the head of an 
entire coomb in a chalk country, the semicircular 
brow of the coomb in like manner shows light, 
and the soil darkens to the bottom of the coomb. 
When such a field is cropped, the crop also is 
light on the brow, and heavy in the bottom of the 
coomb. Here the universal wash of rain may not 
only be seen by the farmer, but felt by him. 
ftSTb ^^^^ universal portage of soil by rain, the 
eternal effect of eternal causes, which in huge 
spaces of time results in such vast geological 
changes, may also be seen oculis fidelibus whenever 
a fence runs horizontally along the side of a hill. 
A natural terrace is then formed. For aqueous 
denudation goes on below the fence, and in chalk 
countries the ground becomes white ; and not 
only does aqueous denudation cease above the 
fence, but aqueous deposit takes place, and the 
good soil which was on its way to .the valley is 
arrested. Even a slight dead wattle, if kept up, 
will produce this eflfect, and though the hedge 
is dead the ground on which it is placed will 
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grow. In France I have seen deep terraces 
result from very narrow strips left uncultivated to 
divide fields or properties. If the subsoil is hard 
rock, say the Devonian limestone or slate, the rock 
shows bare below each horizontal fence, and rich 
soil collects above it. 

A gateway wrongly placed will often let con- 
siderable quantities of this collection of the best 
soil escape, which might otherwise have accumu- 
lated for what man might call for ever. So an 
injudicious down-hill waggon-way, across fields, 
will sometimes act as a channel, and catching 
soil laterally convey it away from its proper owner. 
If your neighbour's land lies below you on a steep 
hill side, unless you wish to make him a present 
of your best soil, pound it back on to your own land 
by a fence, and when it accumulates against your 
fence cart it up the hill again. 

The beautiful artificial terracing of the hill side, 
which we see in southern mountain * cultivation, 
originates in the necessity of catching the stream of 
soil from above, and preventing its farther descent 
to the valley below, down which it would be washed, 
whether it were a dry valley or a river valley. 

In unusually heavy rains, numbers of these ter- 
race walls give way ; and when a terrace goes which 
is high up the hill side, a sort of earthen avalanche 
takes place, bearing crops, soil, and stone walls 
in succession to the vale below. 
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In these works man shows himself as a strong 
conservative. In alluding to man as a leveller^ our 
great geologist admirably remarks : ' By ploughing 
up thousands of square miles, and exposing a 
surface for part of the year to the action of the 
elements, we assist the abrading force of rain^ and 
diminish the conservative effects of vegetation : ' 
and by fencing these thousands of square miles, 
man acts as a very universal conservative. The 
existence of upper valleys or dry rivers of soil, 
proves that, were there no such things as rivers 
on the globe, the scooping power of agglomerated 
rain would still give the same alternation of hills 
with valleys sloping to the sea which now obtains, 
and the same waste and denudation from lateral 
wash would still take place. The river only makes 
its own channel (which is much enlarged by rain 
floods), and in that channel assists in conveying 
away the denudation brought to it by rain, which 
would otherwise travel more slowly along the 
valley, and out of the valley, by the same force 
which brought it into the valley — Eain. I believe 
that in many cases where the country is composed 
of soft and porous materials, as chalk, the depth 
of the valleys and channels scooped out by rain 
lays open the springs, and forms the rivers, instead 
of the rivers forming the valleys. How many 
dry valleys are there sloping to the sea, without 
having laid open a spring, and therefore without 
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any stream ? And what formed these valleys ? 
How many lateral or branch dry valleys are there 
falling into the main longitudinal dry valley, 
whose lower end joins the upper end of the river 
valley ? And how many lateral or branch dry 
vaUeys faU into the main river valley ? And what 
formed these countless myriads of dry valleys ? — 
Bain. 

Nothing can be more pellucid than our Hamp- 
shire streams, except in heavy rain. And to look 
at them we should not say that they carried much 
soil to the sea. But throw a dam across the 
valley and form a pond. Deep mud is instantly 
deposited over the whole bottom of the pond, and a 
boggy delta where the stream enters. This is from 
the lateral wash of soil into the river in heavy rains. 
We have only to look at the complexion of the river 
to see this. And the river deposits the mud in the 
pond, which it would otherwise have carried down 
to the sea. I will instance the ponds at Alresford 
and at Wamford. This was so published in the 
first edition in 1857. At this moment (November, 
1858) an enormous gang of navvies ^ at an enormous 
expense, are emptying of mud the artificial lake at 
Avington. Yet the lake is clear of the main stream 
of the Itchen, which still deposits the main stream of 
mud belowy that is, in the sea and on the banks of 
the Southampton water, while above Avington every 
branch of the Itchen has its mud-trap, namely, 
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Alresford pond, the artificial lake at the Grange, and 
]^*"m^d *^^* ft* Tichbome. Every river, even the purest and 
water. clearest, is an outlet of mud as well as of water. And 
every puddle, and every pond, and every lake, and 
every sea, is a receptacle of mud as well as of water. 
GoidaUu- rjijj^ samo causes which deposit mud in each 
puddle in the road have formed, and are still 
forming, the deposits of gold from quartz, and of 
china clay from granite. Nature is not only the 
great quartz-crusher by decomposition, but also the 
great gold-washer by rain and rivers. And when- 
ever circumstances will permit she sifts and sorts 
the drift, and drops the gold down on to the * bed- 
rock ' on which the alluvium rests, or to the 
bottom of each stratum of the alluvium as perfectly * 
as the gold-washer does to the bottom of the box 
below his cradle. However geologists may differ as 
to how matrix gold got into quartz, or as to how 
flints got into chalk, every geologist in existence 
will agree as to how each of these got out of its 
matrix, namely, that it has been rotted out. There 
is not a geologist existing who will not allow that 
alluvial gold has once been matrix gold, and that it 
has been rotted out of the rocks which contained it 
by atmospheric disintegration, as surface flints come 
from the rotting of the chalk which contained them 
into soil, and as china clay comes from the rotting 
of granite. Now granite and quartz are two of the 
most durable rocks on earth, yet the very geologists 
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who allow this enormous rotting of these, the 
hardest rocks, deny the constant decay of the softer 
ones. Gold released from rock by rotting, like 
flints released from chalk by rotting, may lie on 
the surface for ages before it is drifted into an 
alluvial bed by water. But of all the drift driven 
by water gold is the heaviest, and so has a tendency 
to sink sooner and deeper than anything of the same 
size and shape. Alluvial gold, therefore, is found on 
the rock or bed on which the alluvium rests, because 
that is the bottom of the first stratum. So it is 
found on the top of the first stratum, because that 
supports the bottom of the second stratum, and so 
the divisions or partings of the strata are the chief 
receptacles for the coarse gold, as it is called, though 
fine particles may be washed out of any part 
through an' alluvium of perhaps 300 feet in depth, 
and any number of miles in length. 

The builders of these enormous deposits have not 
been monstrous convulsions or disastrous floods, still 
less * glacial epochs,' but simply rain and rivers, 
that is, quiet atmospheric disintegration and the 
wash of rain. That these builders were at this 
work before our era we have the word of * The 
Father of History,' who describes the gold dust of 
the Factolus as coming from the degradation of 

mount Tmolus, rov HaKTwXhv TTorafiov 5c <^^< 'i'VYfM 

Xpv<rov Kora^opiiav Ik rou TftcuXov. And that these build- 
ers are still at this work I quote a practical witness. 



i 



s 



172 LYELL ON NEW RAVINES CH. X. 

Mr. Howitt writes (* Land, Labour and Gold/ 
letter xxxv.), * These slates, sandstones, and other 
perishable substances holding gold being thus 
brought to the surface (where they are in places so 
conspicuous near these perpendicular dykes lately 
described), have gradually undergone decomposition 
from the action of the atmosphere and of rains, and 
this by degrees liberated the gold which has been 
washed into the streams and valleys. This action 
is still going on^ andj thereforCj after great rainsj you 
will often find gold deposited in the roots of the weeds 
and shrubs in the creeks.' * A most striking proof of 
the results of the gradual decomposition of the surfacCj 
we found in the creek which we worked at the 
Upper Yackandanda. The gold was found in the 
mud of the creek, resting on a stratum of clay, at 
about a depth of two feet. But on digging 
through the clay we found fresh drift of three feet 
deep, which must have been the accumulation of 
centuries. Neither in that, however, nor in the 
rock beneath, was there the slightest deposit of 
gold. It was quite evident that the gold had only 
begun to wash into the creek from the surrounding 
slopes at a comparatively recent period, because 
these slopes had only then begun to undergo 
decomposition.' 
china-day. A suddeu flood canuot rot or decompose. But 
how many centuries must it have required to 
rot and decompose the granite from the felspar 
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of which the china-clay heds of Cornwall and 
Devonshire come ? The same rotting is going on 
now. The Tor reverses the law of the sugar-basin. 
The blocks of granite get small directly as they 
near the top, because they are melting motionless 
in the atmosphere like lumps of sugar in moisture. 
The surface granite- on the summit of the Tor is 
as diflferent from what is quarried from below as 
the surface of the flint is from the interior. But, 
as Sir Henry De la Beche remarks (Cornwall and 
Devon, page 449), Tors only exist because they are 
harder than the beds which have surrounded them, 
and (as I have said of the Weald Hill and the 
North and South Downs) those all-powerful excava- 
tors air and moisture, rain and rivers, have as 
much formed these Tors out of the Dartmoor dome 
of granite as the sculptor has formed the statue out 
of the Parian or Carrara block. And the human 
and the natural operators have worked on the 
same principle, that is, by the abstraction of 
external parts. And the Tors of Dartmoor stand 
out a magnificent monument of the enormous masses 
of granite which have vanished by disintegration of 
the atmosphere and the erosion of rain and rivers. 
These Tors, however, though the monument are by 
no means the measure of this denudation, since they 
have themselves been melting away for an ** eternity 
of time," and are day by day vanishing tenues in 
auras at this instant. 
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Everything on the surface of the earth which is not 
living is decaying. And as decay produces soil, all 
vegetation, and consequently all life, depends on the 
decay of what has not life. This is as old as 
Confucius ; his last words were, * The great mountain 
must crumble, the strong beam must break, and the 
wise man wither away like a plant.' 
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CHAPTEE XI. 

ABSURDITY OF THE * IGNEOUS FUSION ' THEORY. 

IT IS ONLY FIRR WHICH KEEPS OUR HEADS ABOVE WATER, CIECLB 
OF CAUSES. PHYSICAL QEOOBAPHY OF SOLOMON, HOMER, AND 
HERODOTUS. SOLIDS SUSPENDED IN LIQUIDS OBEY THE LAWS OF 
LIQUIDS. ORANGE SH^PE OF THE GLOBE OWING TO THE ACTION 
OP CENTRIFUGAL FORCE ON LIQUIDS. ABSURDITY OF THE DOCTRINE 
OF THE ORIGINAL INCANDESCENT FLUIDITY OF THE GLOBE. COM- 
PARATIVE EVAPORATION FROM SURFACES OF EARTH AND WATER. 

It is only fire which keeps our heads above water, itiscmij 

•^ ^ ^r» which 

It is only owing to subterranean igneous action J^®^^ 
that the solids of the globe are not submerged ^^' 
below, shall I say, 3000 feet of water. It is true 
that the quantity of liquid in comparison to the 
solids of the globe is infinitely small. But, owing 
to one of its attributes, water plays a part infinitely 
great. That attribute is, that like the atmosphere, 
it will get to the top. So that, notwithstanding our 
friend fire, water even now covers three-quarters of 
the surface of our globe. But water not only has a 
tendency to find one level for itself, but to reduce 
the solids of the globe to one level. And as this 
principle is for ever at work, a uniform level of all 
solids would take place below water but for fire. 
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The great Laplace has guessedy as some think very 
erroneously, that the average depth of the sea might 
be about the average height of the land, or 3280 feet. 
. From Sir James Eoss's soundings (* Principles,' 
page 105), it would appear that the greatest depths of 
the sea may not differ much from the greatest height of 
mountains. 

Our highest mountain would be represented by a 
grain of sand, on a globe of six feet in diameter. 
Therefore, the deepest part of the sea would be 
represented by the cast or impression of a grain of 
sand on such a globe. What a puddle, then, is the 
sea, in point of cubical contents, compared with the 
solid globe ! But withdraw the inequalities of the 
solids and the puddle flows over them, and 

Full fathom five thy father lies, 

together with all organic terrestrial existence. 
^"^^^^ ^^^ appears paradoxical, because in our everyday 
experience we see liquids running down solids, and 
seeking a level below them. The reason is still 
more paradoxical, as follows : Though water is 
heavier than the air, it is perpetually ascending 
through the air in the form of vapour. It is then 
condensed, and descends as rain, or snow, or dew. 
What is not evaporated, runs down to the sea, either 
continuously on the surface, or, if it sinks below the 
surface, by springs and rivers, and the largest rivers 
are merely returning vapour. This water carries 
with it solids to the sea, which sink to the bottom 
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of the sea ; and the same act which sinks the solids 
of the globe raises the liquids of the globe. Every 
one must see that this all- pervading* ever-acting 
circle of causes must result in depositing existing 
continents under the sea. And this is going on now, 
and has been going on, as maji might say, from all 
eternity; and as old continents have disappeared, 
new continents have been raised, and old ones 
hoisted farther up by subterranean igneous action. 
And I end this paragraph, as I began — it is only fire 
which keeps our heads above water. 

Evaporation, then, from the surface of the globe Physical 
must precisely equal the rainfall on the globe, and ffsffiio^ 

Homer, and 

speaking liberallij the waters returned by rivers to the Herodotus 
sea must equal evaporation from the sea. That is, 
rivers, which are returning rain, are simply the equiva- 
lent of evaporation from the sea. Solomon and Homer 
(the most ancient geologists and physical geographers 
that I know of, not excepting Humboldt's Eratos- 
thenes) both make rivers to flow out of the sea as 
well as into it. Solomon, Ecclesiastes, chap. 1, says, 
* All the rivers run into the sea, yet the sea is not 
full. Unto the place from whence the rivers come 
thither they return again.' Homer's words are : 

OiSc fiaOvppiiTao jxiya trOivog *QiKtavoXo 

'ES ovirep wavTEg iroTafioi Koi ira<ra OaXaaaa « 

Kai ircKTai Kprivai koi <j>pilaTa jiiaKpa vaovtriv, 

Iliad, 21, 195. 

♦ As I have stated in the Geological Magazine for August, 1864, 
* I consider a rainless district to he an impossihility.* 

N 
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I do think that evaporation from the sea is here 
alluded to, but that rivers are supposed to flow 
(vaovtTiv) out of it. .Certainly Herodotus took this view 
of the Homeric doctrine. In 'Enterpe,' 21 (Beloe), 
he ridicules the idea ' that the Nile has these qualities 
B>& flowing (piovTo) from the ocean.' And again, 23, 
* The argument which attributes to the ocean these 
phenomena of the Nile, seems rather to partake of 
fable than of truth or sense. For my own part I 
know no river {woTafiov) of the name of Oceanus ; 
and I am inclined to believe that Homer, or some 
other poet of former times, first invented and after- 
wards introduced it in his compositions.' 
^nd^dS" The circle of causes alluded to also determines the 
obey the form of the globe. For while solids are suspended 



law of 

uquidfl. in liquids they obey the same laws as liquids ; and 
as the globe has, for countless ages, daily spun on 
its axis, its surface solids being as obedient to centri- 
fugal force as liquids, it has been whirled into the 

Orange form of au oraugc or flattened ball ; though fire 

shape of 

the globe continues occasionally to lift an old continent, or to 

owing to •' ' 

SSf^^ poke up a new bit above the natural aqueous surface 

liquids. of the ball. 

Playfair originated this idea in his magnificent 
illustrations of our yet unappreciated Hutton. 
Herschel, the immortal son of an immortal father, 
has confirmed it. Herschel, however, with Lyell, 
makes the sea, acting on its shores, ' grind down ' 
the solids, instead of the universal circle of causes. 
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If this is SO, we shall have some high cliffs at 

Chimborafo, and along the Andes. A cliff 24,000 

feet in height would be worth seeing. What a squat, 

tame cone the Peak of Tenerife would be to this ! 

But what average height would Orographers allow 

for the cliff from Panama to Patagonia? 15,000 

feet ? Inconvenient for landing even if it was only 

1500. 

Natural causes, however, now in action, are 

sufficient to have given this world the form of a 

flattened ball. And we may reject the idea of the 

original fluidity of the globe, whether igneous or 

aqueous, and the universal chaotic ocean, velut ©gri 

somnia. 

I will take Mr. M'Clausland (* Sermons in Abrardity 

of the doc- 
Stones '), as the latest expositor of the * igneous ^?^*^ 

fasion ' theory, which was originated by Leibnitz ^^^^ 

nearly two centuries ago (1680). According to this t^giJii. 

theory, the globe began as a mass of matter melted 

by heat. As it cooled, a coating of granite formed ; 

then vapours condense, and form a sea over the 

entire globe. No dry land exists till the Devonian 

period. Between the granite and the Devonian beds 

are deposited, over the whole globe, 1st. the Azoic 

or Cambrian beds, 26,000 feet thick, and above 

these, the Silurian, 30,000 feet thick, making 

together a coating to the entire terrestrial globe of 

upwards of ten miles in thickness. This enormous 

growth over the entire globe is, * grain by grain, and 

K2 , 
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layer by layer, raised by deposit from the granite bed 
of the ancient ocean.' That is, it is ToiseAfrom the 
bed on which it is deposited, so that the last or 
uppermost mile of deposit must have passed through 
the first or lowermost nine miles of deposit. 

It is true that in other parts of the work mud 
issues from the melted mass, and * muddy vapour ' 
from the sea. But how mud got into the mass 
melted by heat, or how it issued from the melted 
mass as mud, does not appear. But suppose sufficient 
incandescent mud to be ejected to increase the diameter 
of the globe at any and every point twenty miles, 
would there be no collapse ? or no inletting of the 
sea ? and consequent laying bare of dry land ? 

Laplace put the average depth of the sea at 
3000 feet. I wish he was at my elbow to tell me 
how much it would be shallowed by Mr. M'Claus- 
land's raised bed of 56,000 feet as long as this bed 
was water-tight. And when it began to leak, and to 
let 3000 feet of water into the chambers which 
formerly held 56,000 feet of incandescent mud, or 
half, or a quarter, or a tenth part of it, whether the 
entire surface of the globe* would not be dry land ? 
with that surface as smoothly horizontal as the 
ocean at its calmest. This would indeed well 
account for the appearance of some dry land in the 
Devonian period, when according to Mr. M'Claus- 
land, dry land first appeared ; though, according to 
common sense, till dry land did appear there could 
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be no denudation, and consequently no deposit on 

* the granite bed of the ancient ocean.' 

If the incandescent theory is true, I think it 
follows that in process of time, as internal heat 
cools, all organic existence, vegetable and animal, 
mvst die a natural death of cold. Also that as 
internal heat ceases to replace continents as they are 
washed beneath the wave, we must end in a chaotic 
ocean, as the incandescent theory supposes that we 
began. In such a case, however, Mr. M'Clausland, 
though deprived of his incandescent mud, could still 

* coldly furnish forth,' over the entire submarine 
earth, a coating of ten miles thick. But he would 
never get his steam up for another Devonian period, 
or for any farther change. 

But is not all this to take the affair out of the 
hands of the Creator ? to bring His magnificent 
machinery to a stand-still of itself, like a mundane 
clock, unless it be constantly wound up ? Or rather 
is it not pure Brahminism ? For * Brahma on 
awaking from sleep always finds the world a shape- 
less ocean.' And when Brahma goes to sleep again 

* the universe is reduced to one vast ocean.' 

Very great philosophers have asserted that evapora- compara. 

, . tire erapo- 

tion from surfaces of moist earth is as great as from ration from 

sur&oes ot 

equal surfaces of water. If this is true, it does not ^J^"*^ 
follow that we are equally indebted to equal surfaces 
of land as to equal surfaces of water for our rain, 
since surfaces of earth have a trick of becoming dry 

i 
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after a certain degree of evaporation. That we are 
mainly indebted for our rain to evaporation from the 
sea I stated thus in a letter to the Hampshire paper 
in September, 1845. The moisture which rises 
through the air must be equal to that which falls 
through it. But vast quantities (say half) which fall 
on earth run into the sea by rivers. If then no 
more moisture rises from water than from an equal 
surface of earth, during the year, we come to the 
absurd conclusion that the sea must increase every 
year by half the quantity of rain which falls on the 
land, that is, by all the water which flows to the 
sea by rivers, besides the excess of dew which falls 
on water, which, according to Hales, is more than 
double that which falls on equal surfaces of land. 

As the moisture which is absorbed by vegetation 
is returned to the atmosphere, I consider it in the 
same account as that which is absorbed and returned 
by the earth. For vegetables while they live exhale, 
and when they die they dry. If a tree lives a thou- 
sand years, and its heart wood is always moist, even 
if it were proved that that moisture were unchanged, 
the thousand years come to an end, and on the 
.average, a year's absorption of moisture by vegetation 
is annually returned to the air. 

No standing water, however, can retain the same 
level for two successive days, but must be always 
rising from rain or falling from evaporation, and, as 
I suppose, the vast evaporation from the tropical sun 
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must be the cause of the vast abundance of the 
tropical rains. When we consider the diflference of 
level from these opposite causes every instant pro- 
gressing in open oceans, the marvel is that the 
currents are as gentle and as regular as they are 
supposed to be. I say supposed, because if the 
accredited theory is true, I think there should be a 
hole in the surface of the s6a between Cape Horn 
and South Victoria, and a hill of water at the east 
end of the Gulf Stream ; at least, a perpetual enor- 
mous influx is supposed into the North Atlantic 
without any outflow. Herschel, 'Physical Geo- 
graphy,' page 13, second edition, says, *The 
excavation of the Gulf of Mexico and. the Caribbean 
sea is an evident effect of the continued and powerful 
action of the Gulf Stream, or rather of the general 
set of the great South Atlantic current on that part 
of the American coast which issues thence at present 
in the concentrated form of the Gulf Stream, and 
which unless counteracted by other causes must 
sooner or later cut through the Isthmus of Darien.* 
This is putting the cart before the horse with a 
vengeance. Sea currents must conform to the land. 
But that land should conform to sea current is about 
as likely as that the cart should draw the horse 
instead of the horse the cart. Besides, neither the 
Gulf Stream which comes out of the gulf through 
Florida Channel, nor the stream which goes into the 
gulf through Yucatan Channel, neither of these 



184 THE * IGNEOUS * FUSION THEORY. CH. XI. 

streams goes near the Isthmus of Darien. The 
stream which enters the gulf passes across the 
north-eastern part of the Caribbean sea. Darien 
forms the south-western shore. If there is any 
virtue in Herschel's notion the provinces of Yucatan 
and Florida should have vanished long ago, and 
the Cape of Good Hope and South Africa should 
have been carried off by the Cape current and the 
* great Southern Atlantic current.' But there all the 
three stand as large as life. And why does Cape 
St. Roque stand out a pyramid and brave the main 
equatorial current with its point ? According to 
Herschel, instead of a cape there should be a * Gulf 
of Brazil * here. 
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CHAPTER XII. 

THE EARTH AND MAN ETERNAL, UNLESS DESTROYED 

BY THE WILL OP GOD. 

GENERATION OF SUBTERRANEAN HEAT. THE EARTH ETERNAL UNLESS 
DESTROYED BY THE WILL OF GOD. THE EXISTENCE OF SPECIES 
TRANSITORY, AND DEPENDENT ON SECOND CAUSES. PERPETUAL 
CHANGE OF CLIMATE, AND PHYSICAL CONDITIONS OVER THE WHOLE 
GLOBE. INSULAR CLIMATE RESULTS FROM CURRENTS OF AIR, NOT 
FROM CURRENTS OF THE SEA. THE EXISTENCE OF SPECIES OF 
ANIMALS DEPENDENT ON THE PHYSICAL CONDITIONS OF THEIR 
STATIONS, BUT SPECIES ARE NOT THE RESULT OF PHYSICAL CON- 
DITIONS. BUT ARE SUCCESSIVELY CREATED. DISTINCT STATIONS 
HAVE DISTINCT CREATIONS. SPECIES ARE REPLACED BY OTHER 
SPECIES AS THEY DIE OUT. THE EXISTENCE OF THE SPECIES MAN 
DEPENDENT ON THE WILL OF GOD ALONE. 

Sir Humphry Davy, having made the magnificent Generation 
discovery that the bases of several of the earths J^^ 
and alkalies are metallic, accounts for the genera- 
tion of subterranean heat and action in an equally 
magnificent way, by the infiltration of w^ater 
through the earth's surface and its contact with 
these unoxidised metallic bases. In this case, 
these bases would absorb the oxygen of the water 
and would liberate the hydrogen, generating a heat 
suiB&cient to dissolve all surrounding rocks, irre- 
spective of their disruption from the escape of the 
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elastic vapour produced. Lyell supposes ' that 
the hydrogen evolved during the process of satura- 
tion may, on coming afterwards in contact with 
the heated metallic oxides, reduce them again to 
metals ; and this circle of action may be one of 
the principal means by which internal heat and 
the stability of volcanic energy are preserved.' 
^radf^ If these doctrines are correct, the circle of 
Btroy^d by causcs, HOW in Operation, is perfect ; and there is 

the will of 

God. no reason why the existence of this world should 
ever go out of itself, or perish except by the will 
of the omnipotent God who created it. 

ai^e«8t. rpj^jg jg j^Q^. gQ ^jj^ jjjQ species of plants and 

Kitory, animals which exist on the globe. Unless we 
dent on cxccpt man (as I think we may), the existence of 

second 

causes. gji orgauic species is not only finite, but it is tran- 
sitory as compared with the existence of the globe, 
and it depends on second causes, 
^etuid Every local change in physical geography works 
p^^""^ not only a local but a general change in climate 

conditions ii*i n*i.* j.i ^ ^ ^ t 

over the and physical conditions over the whole globe. 

whole 

globe. The admirable Lyell accounts most magnificently 
for the vast changes of the general temperature 
which have evidently taken place over the whole 
globe, and shows that these changes are, and 
ever will be, taking place. That is, directly as 
land increases in polar regions and decreases in 
equatorial regions, cold increases over the whole 
surface of the globe; and directly as land increases 
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in equatorial regions and decreases in polar regions, 
heat increases over the whole surface of the globe. 
Locally, the climate of the west coasts of the insular 

climate re- 

northem hemisphere is more temperate than the ^^"^f 
climate of the east coasts. I think that this is ^^.^tLr- 
owing to the currents of the air and not to the the sea. 
currents of the sea. That is, it is owing to the 
prevalence of west and south-west winds, and not , 
to 'the Gulf Stream.' These winds, tempered 
by the sea, modify the continental cold in winter 
and the continental heat in summer. British 
Columbia and Vancouver's Island may be said to 
be in the same latitude as Labrador and Newfound- 
land. But in British Columbia domestic cattle 
live out of doors through the winter. What is 
the reason of this ? Is there a Gulf Stream in 
the Pacific ? 

Owing to these changes, local and general, there The exist. 

ence of 

has been a perpetual change of species existent species of 

aomiais Qe* 

on the globe. I will mention in exemplification SJepTygr 
that land animals of the kangaroo kind have been tionrof 
found in the English oolitic Stonesfield slate, and ttatuma. 
later, in the tertiary fresh-water beds of the Isle 
of Wight, land animals of various sorts, but all 
of extinct species. The vast variety of extant 
and extinct land animals contained in the English 
drift beds will be alluded to in chapter xiv. 

Nature has not indeed grouped her flora or her 
fauna solely in reference to soil and climate, that 
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is, in reference to the agreement or disagreement 
of the physiological constitutions peculiar to the 
plants or animals with the physical conditions 
existent in each district of the globe. Were it so, 
^'nTiV that is, were the same species of plants and 
pi^i^i animals always found under the same physical con- 

conditions* ' , - ^ 

ditions, it might, with more reason, be argued (as 
has been argued by Lamarck) that vitality itself is 
the mere result of physical conditions ; that the 
different constitutions of plants and animals are the 
result of different physical conditions ; that the 
different species are mere changes of form and 
organization resulting from different physical condi- 
tions, and that man himself is merely the final result 
of these manifold changes from the zoophyte up- 
ward. 
But are ^^^ Great Artificer authoritatively and absolutely 
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siTeiy" contradicts all this, by having, possibly from all 

created* 

time, and apparently successively and at distinct 
times, and in comparatively modem times, created 
distinct existences or species, and kept these 
distinct species separate under precisely similar 
physical conditions. This is the case with 
animals, vegetables, birds, reptiles, insects, fish, 
shell animals, and zoophytes, whether any of all 
these named are terrestrial, or aquatic, or amphi- 
bious, or peculiar to fresh, brackish, or salt-water. 
And not only is this so now, but apparently 
through an indefinite number of ages the terra- 
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queens globe has thus been gradually and in suc- 
cession stocked and restocked with species entirely 
distinct from those existing in this or in any two 
of the different periods. Indeed, supposing species 
to have originated from single stocks, the creation 
of existing species could not have been simul- 
taneous. Had it been simultaneous, all animals, 
herbivorous or carnivorous, must have fasted or 
have destroyed whole species at a mouthful. 
Creation must have been successive as far as this, 
plants must have multiplied before herbivorous 
animals were turned among them, and herbivorous 
animals must have multiplied before carnivorous 
animals were allowed to prey on them. 

Humboldt says no. Humboldt says we might 
have lived on fish, which were doubtless created in 
shoals. For *the existence of races of men 
inhabiting the icy regions of the north polar 
lands, and whose nutriment is solely derived from 
fish and the cetaceans, shows the possibility of 
maintaining life independently of vegetable sub- 
stances.' And animals ? and birds ? Horace's 
doves and hinds ? were they, too, ichthyophagous ? 
Did Horace describe the actual ancient state of 
things when he hung his elm-boughs with fish, 
and floated his hinds on the briny wave ? 

Piscium et summa genus hsesit ulmo, 
Nota qnsB sedes ftierat columbis, 
Et superjecto pavidsB natarunt 
^quore damas. 
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The Pythagorean account of creation, as given 
by Ovid, agrees with the Mosaic in mentioning the 
creation of fish first, but it is guiltless of the glaring 
absurdity of leaving the land and the air lifeless 
and tenantless for millions of years. On the con- 
trary, Ovid says : 

Neu regio foret nlla snis animalibns orba 
Terra feras cepit, volucres agitabilis aer. 

This absurdity was reserved for Humboldt and the 
modems. 

From the polar to the tropical regions a won- 
derful variety of physical conditions exists, and 
an equally marvellous variety of species and of 
physiological constitution in all the classes named 
displays itself. The whole of the land and of 
the water, and even of the air of these and of all 
intermediate regions are crammed full of organic 
existencies. We all see this in temperate regions; 
and I will instance only some of the largest 
quadrupeds, herbivorous and carnivorous, on the 
extremes of cold and heat, because these could 
not exist in regions which were not replete with 
vegetable and animal life for their food. In the 
arctic regions we find the musk-ox, the reindeer, 
the huge polar bear, the wolf, the seal, the narwhal, 
the whale, &c. ; in the tropics, the elephant, the 
rhinoceros, the camel, the giraffe, the lion, the 
hippopotamus, the shark, &c. But nature is by 
no mqans content with this wonderful adaptation 
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of her oiiganic creation to differing physical condi- 
tions. Like the chicken-fancier, who keeps his 
fowl-yards separate, nature seems purposely to 
have contrived different stations with similar 
physical conditions, in order to exhibit the pro- 
fuseness of her creative power, in cramming all 
full of animal and vegetable existences, with con- 
stitutions similar to those of similar but separate 
stations, but the species of each similar separate 
station differing entirely from the species of all 
other similar separate stations. These stations 
are in general kept separate by what Buffon called 
* natural barriers/ Besides the difference of 
climate, resulting from difference of latitude, differ- 
ence of altitude and seas of water, or of sand, 
or of eternal snow, in general separate terrestrial 
districts; continents, currents, difference of depth, 
saltness, freshness, or temperature of the water, 
separate aquatic districts. M. Alph. de CandoUe, 
son of the great De Candolle, enumerates twenty- 
seven great nations of distinct indigenous aboriginal 
plants. That the plants and animals of such 
vast districts of stations as America and Australia 
should be different from those of every other part 
of the globe, from which they are so completely 
divided, does not strike one with so much astonish- 
ment as that there should be ^ found one assem- 
blage of species in China, another in the countries 
bordering the Black Sea, and a third in those 
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surrounding the Mediterranean.' Here, distance 
and prior occupancy seem to take the duties of 
natural barriers. But, however small, and how- 
ever comparatively modem, the spot, if it be 
inclosed by natural barriers (as, for instance, St. 
Helena), it will apparently have a creation for 
itself. 
SatiS^ So in the Galapagos islands, of which there are 

tSct^L t^ii principal islands, under the line, 600 miles 
westward of America, of modem origin, judging 
from the fresh appearance of about 2000 craters. 
Lyell says of them : * Although each small island 
is not more than fifty or sixty miles apart, and 
most of them are in sight of each other, formed 
of precisely the same rock, rising nearly to an 
equal height, and placed under a similar climate, 
they are tenanted each by a diflferent set of beings. 
Of twenty- six different species of land-birds found 
in the Galapagos archipelago, all, with the excep- 
tion of one, are distinct from those inhabiting 
other parts of the globe ; and in other archipe- 
lagoes, a single island sometimes contains a species 
found in no other spot on the whole earth.' Wings 
themselves furnish no exception to the rule. The 
Creator hangs his cages, containing distinct birds, 
in distinct separate regions, though those distinct 
regions may have precisely the same physical con- 
ditions. Lyell quotes Darwin : * The archipelago 
is a little world within itself. One is astonished 
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at the amount of creative force displayed on so 
many small, barren, and rocky islands, and still 
more so at its diverse, yet analogous, action on 
points so near each other. I have said that the 
Galapagos archipelago might be called a satellite 
attached to America ; but it should rather be called 
a group of satellites, physically similar, organically 
distinct, yet intimately related to each other, and 
all related in a marked, though much lesser, degree 
to the great American continent.' 

But the plan of the Great Creator seems in all 
time, and in all terrestrial space, to have gone on 
* qualis ab incepto ; ' and as he has subjected 
individuals to death by years, so he has made 
species mortal by geological change of physical 
conditions. Nay, he has made their actual local 
habitations mortal. It is not to man only that 
he has said ^ dust thou art and unto dust shalt 
thou return,' but to the hardest rock, and to the 
highest mountain of the hardest rock. He has 
throughout all time made continents to come and 
to go — to have a birth, life, death, and burial. He 
wields the mighty power of subterranean igneous 
action, in raising them into hypffithral existence ; 
and, as if to show their nothingness in bis hands, 
he redeposits them in the subaqueous regions by 
the quiet action of the raindrop from heaven, or, 
at his will, he places his almighty finger on the 
mountain-top, and submerges it bodily below the 

o 
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Species are wsYB. And he has always, as species died ont, 
op«»p«- and donbtless conidnnes, even at this moment, to 

nes as thej ' 

^^'^ originate single stocks of new plants and animals, 

which radiate from where their Creator first 

locates them, as fiar round as his natural barriers 

will allow them. 

^^^^ Man, by his mental qualities, that is, by his 

dS^^ arts, not by his physical constitution, o'erleaps all 

of God 'natural barriers/ His * station' is the globe, and 

alone. 

there must be wonderful changes in the 'physical 
conditions ' of its entire surface ere man could be 
exterminated hy them. Man might surviye any 
number of continents; and his existence is appa- 
rently confided to no second causes, but hangs like 
that of the globe itself on the fiat of his Almighty 
Creator alone. Thus much I think that we may 
say from what we see at this moment going on 
around us. Thus much I think that we may 
guess as to what has immediately (I refer to geological 
time) preceded, and as to what may immediately 
follow our time. He who goes farther than this, 
he who, like Darwin or Stenny Hunt, attempts 
to account for a beginning of any existence what- 
ever, animate or inanimate, attempts (as I think 
what he will not accomplish) to lift the veil of 
Isis. The intercourse and intertraffic of man's 
station, the globe, was doubtless never so complete 
or so rapidly advancing to perfect completion as 
at this moment. Practically, England has been 
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the great worker here. Theoretically, I think 
that Adam Smith has received a millionth part 
of the honour which is due to him. 
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CHAPTEE Xin. 

FIRE FORMS CONTINENTS, WATER TRANSFORMS THEM. 

HUMBOLDT FORMS CONTINENTS BY ^FUSION,' HOLLOWS FORMED IN 
THE FIRST ELEVATION OF THE LAND ARE NOT VALLEYS. SEAS 
AND LAKES ARE NOT VALLEYS. HUMBOLDT SAYS THE ATLANTIC 13 
A VALLEY. AND FORMED BY RUNNING WATER. WHAT. A VALLEY 
IS. THE BASINS OF LONDON, PARIS, AND HAMPSHIRE ARE NOT 
VALLEYS. 

As will have been seen in chapter XI., it is not 
meant to deny the all-dominant influence of fire 
on the form of the land of the globe. Fire first 
raises the continent, and, therefore, first forms it. 
Rain afterwards transforms its surface. Subter- 
ranean igneous heat is the quarryman who raises 
the block. Eain is the artist who shapes its 
surface. * Beauty is but skin deep.' We are not 
the less for that touched by beauty, nor by 
the exquisite beauty of the surface of the earth. 
We owe this beauty of the surface to water, not 
to fire. Could the labourer of Faros with justice 
write : 

Non me Praxiteles fecit 

on some divine production of the artist ? Did 
Bailey form his exquisite Eve, or the workman of 
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the Carrara quarries ? This forming or tramformtng 
of the surface is^ however^ aU that is claimed for 
rain. 

On the subject of the original forming of the 
land by fire^ Humboldt uses plenty of sesquipe- 
dalian words^ and quotes authors from Eratosthenes 
downward. I shall be satisfied with one quotation 
from one author : 

Partuntuii mostef , lUMieeiiir ridienliM mtii. 

With regard to the came ot the form of the land : 
* Very little can be empirically determined regard- 
ing the casual coimection of the phenomena of 
the formation of continents^ or of the analogies 
and contrasts presented by their configuration* 
All that we know regarding this subject resolves 
itciielf into this one pointy that the active cause ii 
subterranean^ that continents did not arise at 
once in the form they now present^ but were^ as 
we have already observed^ increased by degrees, 
by means of numerous oscillatory elevations and 
depressions of the soil, (w, were formed by the ^naMi^ 
fusum of separate smaller continental masses/ ^J^/^ 
With regard to the effect of this cause, in conjunc- 
tion with Bacon, Polybius, and Eratosthenes, 
Humboldt calls our attention to ^the pyramidal 
configuration of all the southern extremities of 
continents/ Here we become mithraic, and 
Humboldt shows us more FYRamids even than 
Eratosthenes. 
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The letter A has also a ^ pyramidal configura- 
tion/ and four out of five of our continents, 
which end in pyramids, begin and end with this 
pyramidal letter, ASIA, AFEICA, AMEEICA, and 
AUSTBALIA. Axis, Arctic, and Antarctic also 
begin with it. These coincidences cannot be 
accidental. I do not pretend to class myself with 
the gentlemen named above. But I do think that 
this one original idea of mine is likely to be as 
usefal, and is in all respects as worthy considera- 
tion in a co(s)mical way, as their joint stock com- 
pany one. 

It is true that ' lands-ends ' are apt to be pyra- 
midalj to whatever point of the compass they 
may face. And if we saw as much of the 
northern lands-ends of our continents as we do of 
their southern lands-ends, they might show a fair 
share of pyramids. Indeed, since the time of 
Eratosthenes, the north of Europe at the north 
cape, and of Asia at the north-east csEpe, have 
been found to . be pyramidal — ^nay. Cape Mai- 
morskoi is obeliscal. Abstract the islands (which 
are themselves pyramidal to the north) and the 
whole north coast of America, from Point Barrow 
to Hecla Strait and Hudson Strait, is pointed 
throughout with pyramids to the north. 

But, ^as the fool thinks, the bell clinks,' and 
if a man happens to be a fire-worshipper, and 
wishes to see a pyramid, he will see one in the 
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section of a circle, and ont of a square he will 
make four beauties. If a man does not wish to 
see pyramids, I do not think that he will see 
them in the south of Australia and New Zealand, 
which Humboldt quotes as continents, more than 
he will on the north of them, or of Borneo, or 
any island north or south from Iceland to 
Madagascar. 

Humboldt might make four pyramids out of the 
Isle of Wight, though it would then be three to 
one against his southern theory. For, instead of 
all facing the south, they each face a cardinal 
point. And ' the active cause ' of these ' pyra- 
midal configurations ' has been water, not fire. 
For the eroding force of the sea, being horizontal, 
forms horizontal pyramids, as the eroding force 
of rain, being yertical, forms vertical pyramids. 
Fire has had nothing to do with the form of the 
ishmd farther than having raised it as a part of 
the mass which joined both England and France. 
Water is the sculptor who has formed the island 
out of this mass, and will continue to transform 
it till it has swallowed the last grain of it. 

The original form given to the ' Weald valley * 
by fire, was one smooth UU, or hog's-back, running 
from the north of France westward, and covered 
with one single stratum, or geological formation. 
The present form of the region is due to water. 
To water we owe its infinitely varied features and 
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beauties, its infinite alternation of ridge and farrow, 
hill and dale, its infinite ramification of stream and 
valley, streamlet and valleyletj and its great variety 
of geological strata. Nay, like the Isle of Wight, 
its very hills are as much formed by water out 
of the original mass as the statue is formed by the 
sculptor out of the original block. 
Hollows But since all the protuberances of the earth's 

formed in 

thefiwt crust have been thrust up by subterranean fibre, 

elevation of r •/ ' 

^/vXys. and as the intervals between these protuberances 
may be called hollows, it may perhaps be asserted 
that these hollows are valleys, formed by fire, not 
by water. 

seaaand ^11 seas aud lakes are such hollows. From the 

lakes are 

notralleys. ^p ^£ ^^^^ jgj^^ ^^ ^j^ ^pg ^^ jj^^ BK)Cky 

Mountains in North America, or to the top of 
Chimbora^o in the Andes, may in this sense be 
said to be a hollow. From the Andes westward 
to the Himalaya another, and between Europe and 
Africa a third. If these hollows are called the 
valleys of the Atlantic, Pacific, and Mediterranean, 
then I confess that there are valleys in the world 
not formed by water. 
Humboldt I might, however, still fight, and that with 

says the 

Atlantic M Humboldt on my side. The last recruit I should 

a valley, •' 

have expected certainly ; apiarov filv irvp should be 
his order of the day. For, be it a continent, 
a hill, a dale, or a river, fire is his word. His 
continents have a ' PYRamidal configuration ' from 
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fire. He stratifies his coal-beds by fire.* On 
fire-inflated bladders his single mountains rest. On 
fire-formed fissures he supports his mountain ranges. 
In his river courses he leads the fiow of water 
by fire, and he fissures forth his terrestrial valleys 
by fire, still fire. But in his oceanic valleys, 
he turns short round to the Pindaric apiarov fjiv vSwp. 

^ Our Atlantic ocean presents all the indications Andfomied 

*" hj nmniflg 

of a valley. It is as if a fiow of eddying waters ^•**'' 
had been directed first towards the north-east, 
then towards the north-west, and back again to 
the north-east. The parallelism of the coasta 
north of 10^ south latitude, the projecting and 
receding angles, the convexity of Brazil opposite 
the Gulf of Guinea, that of Africa under the same 
parallel, with the Gulf of the Antilles, all favour 
this apparently speculative view. In this Atlantic 
valley f' &c. 

This beats me. This is 'aqueous denudation' 
with a vengeance. * Ye gods, it doth amaze me 
that such a man as this should so get the start of 
the majestic world.' Three swoops, and the valley 
is complete. I wonder where * the fiow of eddying 
waters ' came from ? and I wonder where the solid 
rocksj which formerly filled this little valley^ were 
washed to? Some day, I suppose, a mountain, 

* Hnmboldt says (' Cosmos *) * the eraption of qnartzose porphyry 
overthrew with yiolence the first great Tegetation, from which the 
material of onr present coal measures was formed/ 
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or chain of monntams, a cordillera, or tierra or 
sierra nnmboldtiana, will be discovered, eqniyalent 
in size to the snr£Ei.ce and depth of ^ our ' Atlantic. 
I think Hnmboldt is too modest here ; he should 
call it my Atlantic. The surface of ^ our * Atlantic 
is about twenty-five millions of square miles, and 
unless it was a sea before it was formed into a sea, 
it must have been surmounted by a continent 
when it fell a victim to the * eddying waters/ 
Besides, therefore, the depth of the sea, the 
height of the old continent must be added to the 
new one. 

Theoretically, the formation of this particular 
continent, the Tierra Humboldtiana, would differ 
from that of continents in general. For they, 
according to Humboldt, *were formed by the 
fusion of separate, smaller continental masses.' 
Practically, the difference of formation would be 
found great indeed. For this huge heap would 
be formed by the confusion of vast masses of dis- 
rupted rock, which would clearly distinguish it 
from all boulder drifts and alluviums, and from 
all continents of stratified beds. Aqua fortis must 
have been the water of those days, or it could 
never, at a swoop, have torn up these solid rocks 
to the depth of 30,000 feet. 

It is lamentable to find an Englishman imposed 
on by such bombastic trash. Keith Johnston, in 
his Physical Atlas, says ' the Atlantic ocean occu- 
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pies the great longitudinal valley , extending/ &c. 
If this is not an abuse of terms, we may say that 
three quarters of the surface space of the globe 
are occupied by one valley^ and that the Pacific, 
Atlantic, Arctic, Antarctic, Indian, Chinas Medi- 
terranean, Black, White, Yellow, Ked, Baltic, 
Caribbean seas, with all their innumerable gulfs, 
bays, straits, and rivers, are only parts, particular 
nooks, comers, and lanes in this one valley. That 
the valley of the Thames is part of the same 
valley as the China sea and the Yang-tse-E[iang. 

In my view, seas are no more valleys than ^*5^ 
valleys are seas. Valleys are subaerial hollows, 
and not subaqueous hollows. A valley is, in my 
view, a waterslope, and this waterslope must be 
continuous to the sea, or to an inland laJke. If you 
overstep a ridge which separates two waterslopes, 
I think you overstep the border of two valleys. 
Thus, if you stand on the chalk of the North 
Downs, south-east of London, where the Medway 
passes through them, and look to the chalk of the 
Anglian heights, east of Cambridge, when north- 
of the Essex heights, you overstep the valley of the 
Thames, though you are still within what is absurdly 
called the basin of London. The valley of London 
would be the valley of the Thames ; but the hasin of 
London is quite another affair, and is no valley at 
all. The north-east half of the hasin of London is 
out of the valley of the Thames, and the north-west 
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half of the valley of the Thames is out of the basin 
The ha»in$ of Londoii. The basins of London, Paris,* and 
Paris, and' Hampshire, have no relation whatever to valleys, 

Hampshire 

wenot river-courses, or basins. They only r^fer to those 
parts of these neighbourhoods which are still unde- 
nuded, and covered with tertiary strata, and these 
strata pass over hill and dale, and are not, as is 
usually stated, patches deposited in hollows. The 
origin of this opinion is twofold. First, some author 
has dubbed these tertiary regions basins^ and his 
readers have naturally supposed that the basins are 
hollow, which they are not. Second, tertiary strata 
being frequently of soft material, are easily denuded 
from ridges and declivities, and remain only on those 
heights which are flat-topped, or table-land. 

The hollows formed in the original igneous eleva- 
tion of land above the sea are infinite and innumer- 
able. But they are not valleys. Water instantly 
occupies them, and turns them into seas or lakes, or 
fills them with drift and alluvium, or transforms them 
into valleys. That is, the moment any part of the 
bed of the sea is raised, rain shapes it into ridge and 
furrow. 

♦ The Paris basin runs nearly 200 miles from north to south, and 
passes over not only the heights which divide the valley of the Seine 
from the valley of the Loire, bnt it passes and includes the Loire 
and the conntry sonth of Orleans, eyen as far as Sancerre, so that 
the Seine and the Loire trayerse the same basin, one to Hayre, the 
other to Nantes. Bnt becanse tertiary strata mnst be deposited in 
* depressions of the chalk,* gentlemen of the closet join together these 
two distinct and magnificent riyer valleys and call them one basin. 
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If England and Ireland were raised so as to lay dry 
the part of the sea between them, this hollow could 
not be claimed as formed by running water. But 
though running water had not formed the one hollow, 
it would immediately transform it into two valleys. 
From some middle part the waters would flow in op- 
posite directions to the sea. They would instantly 
fill all minor hollows with water, and gradually with 
drift and alluvium, at the same time wearing down 
the sides of the hollows next the sea, and would 
continue for ever to deepen these two valleys from 
the sea upwards. The cross ridge, from which the 
waters flowed north and south, being least exposed 
to the wash of rain, that is, having no accumulation 
of wash from above it, would increase in height in 
comparison with the depth of the valleys, and would 
as much divide the one hollow into two valleys or 
waterslopes, as the heights between the sources of 
the Mississippi and the St. Lawrence divide the 
valley of the Mississippi from the valley of the St. 
Lawrence.* 

Laterally, each cliflf which had been kept a preci- 
pice by the action of the sea at its foot, would 
instantly begin to accumulate a talus there, and, 

* Keith Johnston talks of ' the plain of the Mississippi-Mackenzie.' 
He might as well talk of the plain of the Bhine-Danabe, the centre 
of which plain would be the plain of the Alps, This would be 
childish enough, but in the case of the Mississippi and Mackenzie 
the vast valley of the Sascatchewan containing 860,000 square miles 
runs between them, from the Bocky Mountains to Hudson's Bay, at 
right angles to the so-called ^ plain of the Mississippi-Mackenzie/ 
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directly as its softness, the cliff would be changed 
into a sloping hiU-side by dismtegration and the wash 
of rain. For as long as the sea acts on the foot of 
a cliff it remams a precipice ; because the undermin- 
ing water acts more rapidly than disintegration and 
wash, and clears away all that falls. Abstract this 
power, even by the accidental accumulation of a bank 
of travelling shingle, and the cliff has a tendency to 
conform to the slope of the hill above it, that is, to 
the wash off the hill above it, both at the brow of the 
cliff and at its foot. For what is washed down the 
hill and off its brow will lie at the foot of the cliff 
as a shelving bank, and what was the mid-cHff gra- 
dually becomes the sole cliff. But this will even- 
tually disappear into one slope. 

If the top of the cliff is table-land, or slopes from 
the cliff, the cliff will waste much more slowly by 
disintegration and the action of the elements. But 
supposing such a cliff to be all of the same material, 
I think the brow has a tendency to disappear most 
quickly, possibly from a freer access and action of 
rain-water in disintegration, and possibly also from 
roots inserting themselves in crevices, and by tur- 
gescence detaching blocks bodily. Besides this, 
roots in decay generate carbonic acid, which is a 
great disintegrator. Another reason may be that 
the wash from above, which erodes and degrades the 
brow, is shot clear of lower parts, as in the case of 
a waterfall. 
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In addition to this, the entire surface of these 
former clififs and present hill-sides would be laid in 
ridge and furrow. They would be grooved through- 
out by rain with small incipient valleys. 

And if it may be said that the apexes and ridges 
of mountains are not formed by rain, I answer that 
they are at least transformed by rain. That is, their 
surface is formed by rain. The mountain top and 
brow are the very places to see this universal arti- 
ficer begin his work. The longitudinal trunk river 
valley expatiates into as many myriads of valleylet 
extremities as a tree does into leaves; and if we 
pursue its leader or any one of its side branches to 
the end, that end is on the mountain-fop. In porous 
subsoils indeed the river does not go near the top, 
but the rain valley does. But whether the landscape 
be savage or serene, water is the artist who painted 
it. Water formed the subjects alike of Salvator and 
of Claude. It is to water that we are indebted for 
the features which enchant us, whether we linger 
mid ^ the dread magnificence * of Alpine ravines or 
gaze entranced from Windsor Terrace over 

that schoolboy spot 



We still remember, though we*re there forgot. 
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CHAPTER XIV. 

MAN MAY HAVE EXISTED IN THE SILURIAN PERIOD. 

FOSSILS ARE CONSIDERED A PERFECT CATALOGUE OF SPECIES WHICH 
HAVE EXISTED. THIS SUPPOSES A WASH FROM THE WHOLE SUR- 
FACE OF THE EARTH INTO THE SEA. POSSIBILITY THAT COAL 
HAT BE ALWAYS FORMING. DRIFT AND ALLUVIUM, OR * DEPOSIT OSf 
dryland: THESE MODERN BEDS CONTAIN EXTINCT ANIMALS. 
THE SAME FLOODS WHICH FORM THE DRIFT BEDS STOCK THEM 
WITH LAND ANIMALS. MAMMALL4 AND MAN i//(7J5rr HAVE EXISTED 
IN THE SILURIAN PERIOD, FOR WHAT WE KNOW, A CREATION 
WITHOUT CREATURES. DENUDATION AND DEPOSIT PERVADE THE 
WHOLE TERRAQUEOUS GLOBE. BUT NO STRATUM CAN BE UNIVERSAL 
OVER THE GLOBE. AS ALL STRATA HAVE LAND FOSSILS, ALL 
STRATA HAVE BEEN FORMED FROM THE DEBRIS OF LAND. THAT 
IS, BY SUBAERIAL NOT SUBMARINE DENUDATION. SURFACE FLINTS 
THE RESIDUUM OF DENUDATION. ORIGIN OF CHALK. ORIGIN OP 
FLINTS. STAINED SURFACE OF FLINTS. 



Fowiifl ai6 All geologists argue as if the organic remains found 
a« a perfect in Strata were a perfect history of the different species 

catalogue *■ 

of ipedes Qf animals and plants which have in succession ex- 

whicn have '* 

exuted. -gi.^^ Q^ ^Y^Q globe from the beginning. But how can 
This sup- this be, unless there is now, and for ever has been, 
MHuh from a wash from the surface of the earth into the sea ? 

the whole 

JJ^^ Humboldt says, ' the fossiliferous strata contain 
into the entombed within them the floras and faunas of 



•ea. 



bygone times.' In regard to ' vertebrated animals. 
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the most ancient of these are, as we have already 
seen, fishes ; next in the order of succession of for- 
mation, passing from the lower to the upper, come 
reptiles and mammalia.' After enumerating the strata 
from the most ancient to the most recent tertiary beds, 
he says, * then follow in the alluvial beds the colossal 
bones of the mammalia of the primitive world.' In 
the summary he alludes to the * colossal bones of ante- 
diluvial mammalia in the upper alluvium ; ' and later 
he alludes to * the sudden destruction of so great a 
number of colossal vertebrata in the diluvial period.' 
Would he have us believe that tliere was no room 
for them in the ark ? No admittance for Theria or 
Sauria beginning with Mega or Macro ? 

But though I accept this universal opinion of geo- 
logists as a testimony to the everlasting wash of the 
land into the sea, I cannot think that a perfect 
history of all the organisations which have existed 
would result, even if we could see every fossil which 
the earth contains. 

Except lake deposits, all strata are formed in the 
sea. Now we might almost say that all remains of 
land animals must perish utterly before they can be 
imbedded in marine strata, or before their casts can be 
taken there in stone. 

It is only natural that in strata formed in the sea, 
the fossils in general should be of fish or of sea ani- 
mals and plants, and that fresh- water or land animals 
or plants should be a most rare exception. So in fresh- 



i 
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water strata amphibious animals and fresh-water pro- 
ductions prevail ; and in beds of drift and alluvium, or 
' sediment deposited on dry land/ land animals and 
plants. Where are the fossil remains of land quadrupeds 
found ? In cavern deposits, in drift and alluviums 
* deposited on dry land,' in filled-up lakes, in bogs, or 

« 

frozen up in polar regions. Now all these land 
museums are not only modem, but they are superficial 
and temporary. They are liable to be washed into the 
sea ; and their fossil contents must be destroyed before 
they can be redeposited in marine strata. 

We have no museums for the collection of realhj 
ancient land existences. Marine strata are the 
museums for the collection of really ancient life ; but 
their collections are very imperfect, except of those 
beings which wear their skeletons outside them. 
For it is not only that the external skeletons of 
shell-fish are infinitely more durable than internal 
skeletons, but the habits of the creatures make them, 
as they say, safe to be imbedded^ If land animals 
had only a millionth chance of permanent imbedding 
which shell-fish have, what Theria Cruickshanksiana 
and Sidebottomi we should behold ! 

* As weak as water ' is the common saying ; yet 

water, in the form of rain, destroys old continents, 

. and in the form of mud water builds new continents. 

That land should flow out to sea is as paradoxi- 
cal, and appears as impossible, as that water should 
go up through the air. Yet both these impossibili- 
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ties not only go on every day but all day long ; and 
we see the water in the air as clouds, and the land 
in the water as muddy water. But it is only as 
muddy water the land goes out to sea, or as the 

finest sand. It is only as muddy water that the 

« 

new emigrant continent takes passage to its destina- 
tion. *A11 the coarser material brought by floods to 
the shore remains there till the waves have ground 
it fine enough for carriage. * And the waves they 
are never weary.' It is a large mill, and night or 
day never ceases to grind. 

It is clear, however, that not a single bone of 
a land animal could be carried out to sea, except 
when a body, having sunk near the sea, rises again 
from putrescence and floats for a- short time. But 
even in this case, except with an oflf-shore wind, the 
body would probably be cast ashore. Or an animal 
may be floated out on a tree, or on an iceberg, and 
if not devoured may become fossil. I need not go 
farther to show the impossibility that nature should 
write us a perfect catalogue of foregone land animals 
from such scanty materials, even if the archives 
which she has written were accessible to us. With 
regard to land plants it is otherwise. They might 
all float out to sea for great distances ; that is, till 
they are water-logged, till water has replaced the air 
which they contain. 

To this provision we owe our coal-beds ; and I tiSTwa/ 

may be 

think it somewhat puzzling that coal should be con- ?^^*7» 

^ ^^ fonmnff. 

p 2 
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fined to the Paleozoic strata. On the west coast of 
Africa, immediately to the north of the equator, the 
Niger discharges from the mouths of its delta vast 
quantities of drift wood ; immediately to the south 
of the equator the Congo does the same ; and I 
have been told by merchants, and by ofl&cers serving 
on that coast, that islands of wood with trees groiv- 
ing on them float out to sea from both these rivers. 
The admirable Rennel has chalked out for us the 
course of the current which must convey this drift 
vegetation across the Atlantic to the Gulf of 
Mexico. We have all heard of the vast rafts formed 
in the Mississippi from the accumulation of drift 
timber. We have all heard of the enormous quan- 
tities of drift wood discharged from the mouths of 
the Amazon, the Orinoco, and the tropical rivers of 
the north part of South America. What becomes of 
these vast magazines of carbon till they are so water- 
logged as to sink ? Probably, as Lyell remarks, a 
large proportion takes passage by the Gulf Stream. 
And not improbably, vast beds of future coal may 
now be depositing in high northern latitudes, the 
greatest part of which may be composed of tropical 
plants. The tropics of the old world, as well as the 
new, are most probably at this moment storing their 
superabundant vegetation for the future warming of 
our northern descendants. If this is true, coal may 
be found in any stratum foregone or to come.* 

* Note to TWrd Edition. — As regards floatage of timber, I should 
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Lyell heads a paragraph with ' No sediment on dry 2{^^^*^^ 
land,' ^Prmciples/ chap. xiii. What then is the Z^^*"' 
entire deposit of all alluvial plains ? and of that 
part of all deltas which is above the level of the 
sea ? Kivers may flow through alluvial plains for 
a continuous distance of hundreds, nay thousands, of 
miles from the sea, the whole of which alluvium has 
travelled there as muddy water. That is, every par- 
ticle of the nearly flat surface has been held in sus- 
pension by the flooded rivers and deposited by them 
* on dry land.' 

I should also ask, what then is drift? Lyell 
would account for these beds as the remains of his 
favourite submarine denudation, previous to the ele- 
vation of the land. If so, why are they so full of 
the fossil remains of land animals ? and how does the 
submarine theory apply to the drift bed near Behat, 
in India, mentioned in the ninth chapter, which, 

have laid more stress on currents of air and less on currents of water ; 
that is, on the south-east trade winds of the south tropic for the 
equatorial current, and on the south-west winds of the north tem- 
perate region for the gulf stream. Certain it is that the Norwegian 
and the Laplander of to-day warms himself with drift timher from the 
West Indies, and that tropical timher is heaped to great heights on 
the shores of Spitzhergen, where there is no man to consume it. 
This heaping could not happen from a current of water, hut solely 
from the impact of waves derived from the wind. The same cause, 
floatage driven hy the wind, would account for tropical vegetation in 
Arctic strata without need of equatorial climate at the North Pole. 
Throw a handful of leaves or sticks into the Serpentine on the wind- 
ward side, they will soon he landed on the leeward side. This is not 
owing to a change of climate or to the gulf stream. 
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Captain Cautley tells us, was deposited * within the 
memory of persons now living ' ? And how does it 
apply to the bed which covers the * very ancient 
subterranean town ' there ? Was the present sub- 
terranean town formerly a submarine one ? * In 
sinking wells in the environs, masses of shingle 
and boulders have been reached resembling those 
now in the river channels of the same district (so 
we see how long the game which is now playing 
has been going on) under a deposit of thirty feet of 
reddish loam. Captain Cautley, therefore, who di- 
rected the excavations, supposes that the matter 
discharged by torrents has gradually raised the whole 
country shirting the base of the lower hills.' 

As these are quotations from Lyell's own * Prin- 
ples,' may I not again ask, in his own words, if * a 
false theory does not render him blind to facts which 
are opposed to his prepossessions, or conceal from 
him their true import when he beholds them ? ' 

I only mention these particular beds because the 
account of them may be easily referred to by the 
reader. But the beds of drift, in general, are of 
enormous extent, and are not confined only to the 
alluvial neighbourhood of rivers and their estuaries, 
or even to low lands, but are found on very high 
lands provided they have higher land, or have had 
higher lands in their neighbourhood. High steep 
places waste comparatively rapidly on to lower and 
less steep places. Low flat places waste compara- 
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tively slowly into the sea. But, except on the brow 
of a hill, when a geologist states the arrangement of 
the beds of any district, the following is almost 
invariably his exordium : — 

1. Vegetable mould. 

2. Alluvial gravel, loam, clay, &c. (that is, 
^ sediment deposited on dry land '). 

3. The upper layer, which has been deposited not 
only hy water but in water. 

Our rivers are considered to be perpetually exis- 
tent, though their component waters are perpetually 
in transitu. The same may be said of the rich soil 
of our valleys, though the change here is infinitely 
more gradual. Infinitely more gradual still is the 
change of our drift beds. Indeed, in some places 
their denudation would require a time which, com- 
pared with the existence of any species of animal, 
might be called an eternity. For instance, in the 
case of bags or cavities without outlets, formed in 
the original igneous elevation of the land, or of 
vacancies and crevices and faults formed by earth- 
quakes or landslips, or unequal subsidence of up- 
heaval, or of a talus at the foot of a precipice, or 
any place which required filling in and embanking in 
the formation of the aqueous gradients which drain 
the entire superficies of the existent earth (and this 
head would comprehend enormous areas), these spaces 
would all be occupied by drift, formed, as the scientific 
would say, by * the surface debris,' or, as the commou 
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people would say, by * the run of the hill ;' and they 
could only be denuded at the same pace as the surface 
of the old strata above and around them. 
These And though these beds are considered geologically 

^^Zunct ^^' ^^^ indeed some of them were formed yesterday 
"*^"^* and some are forming to-day, they are not all bo uem 
but what the English beds of them contain remains 
of species long since extinct on earth, as the mastodon 
or the mammoth, the gigantic mole, and of animals 
which have long since ceased to inhabit these climes, 
as the elephant, rhinoceros, hippopotamus, buffalo, 
bison, Irish elk, reindeer, tiger, leopard, hysena, bear,- 
wild boar, wolf, beaver, monkey, lagomys, &c., besides 
animals which still do exist here, as the horse, ass, 
deer, ox, roebuck, otter, badger, fox, the wild cat, 
goat, &c. 
The same Death iu general does not play the sexton, but 

floods 

which form leaves his victim to be devoured by smimals or to 

the drift •^ 

S^eridth ^® reproduced in plants. Floods bury a great part 
jaaig **^' of the slain, and the same floods which form the drift 
beds stock them with land animals^ and except as excep- 
tions, these * deposits on dry land ' are the only spots 
where we should find fossil land animals; and to 
argue that no land quadrupeds (or if you will have a 
fine word, mammalia) existed during the period that 
any or every marine stratum was deposited, on the 
negative evidence that no fossils of them are found 
there, is ridiculous. And because we happen on 
beds 'stored with fossils of amphibious creatures and 
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gigantic lizards, to assume that the whole earth, from 
the denudation of a part of which these beds were 
formed, supported no other animals, and therefore to 
talk of *the age of reptiles,' is equally ridiculous. 
Similar reptiles, fresh-water and marine, are imbedded 
every day now in the alluviums of Asia, Africa, 
America, and Australia, yet we flatter ourselves that 
gavials, koomiahs, muggars, crocodiles, caymans, and 
alligators are not the sole possessors of the globe ; 
nor are they at all a prominent feature among organic 
existences. 

In the Triassic strata, the footmarks of numerous 
species of birds have been found. Imagine the 
chances against these footmarks being preserved I and 
imagine the chances against their being afterwards 
discovered t One species is supposed to have beeu 
four or five times larger than our largest bird, the 
ostrich. Dr. Deane, quoted by Mantell, * Wonders 
of Geology,' p. 558, says : *I have in my possession 
consecutive impressions of tridactyle feet which 
measure eighteen inches in length by fourteen in 
breadth, between the extremities of the lateral toes. 
Each footstep will hold half a gallon of water, and 
the stride is four feet. The original bird must have 
been four or five times larger than the African ostrich, 
and therefore could not have weighed less than 600 
pounds. Every step the creature took sank deep, 
and the substrata bent beneath the enormous load. If 
an ox walked over stiffened clay, he would not sink so 
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deeply as did this tremendous bird.' Mantell adds, 
' Mr. Lyell mentione having seen on the banks of 
the Connecticut river (at Smith's Ferry, near North- 
ampton, eleven miles from Springfield), a space 
several yards square, where the entire surface of the 
shale was irregular and jagged, owing to the number 
of footsteps, not one of which could be traced dis- 
tinctly, as when a flock of sheep have passed over a 
muddy marl ; but on withdrawing from this area, the 
confusion gradually ceased, and the tracks became 
distinct. Some fine slabs of the sandstone covered 
with several tracks of bipeds of various sizes, col- 
lected by Dr. Deane, are deposited in the British 
Museum. A representation of one of the small im- 
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prints of the natural size, with the surface of the 
stone marked with hemispherical pits produced by a 
shower of rain, is given.' Yet no other traces of 
any bird are found in the Triassic, or in any strata 
between them and the tertiaries. Will anyone con- 
clude that birds became extinct and did not exist on 
earth between the Triassic and tertiary period, on the 
negative evidence that no traces of them are found ? 
Why, then, on this negative evidence, conclude that 
birds did not exist before the Triassic period, even in 
the Silurian ? The largest land quadrupeds, nay 
man himself, might have existed in the Silurian Mammalia 
period for aught we know geologically. To suppose ^Amve 

existed in 

the reverse, to suppose with Humboldt that the land thesuunan 

period /or 

was uninhabited during the countless myriads of ]^^* 
ages when fish were being entombed in the ancient, 
secondary, and tertiary marine strata, is in fact to 
suppose a creation without creatures, that for what a creation 

^^ ' without 

man may call * an eternity of time ' this earth has c^a*""!. 
swung tenantless through space, an inorganic desert, 
rotating each day before the sun and each year round 
the sun. Can this creation of inanimate desolate- 
ness be supposed ? 

We discover now the ruins of civilised empires of 
which history gives not a hint. For instance, in 
Cambodia and in America, the so-called new world. 
How many civilised empires then may have existed 
of which etiam peruere ruinsB ? This on our actually 
existent continents. But, as Beattie writes, * Where ^ 
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the Atlantic rolls wide continents have bloomed/ 
and empires of civilised men may have flourished on 
these wide continents for * an eternity of time/ 

I have already mentioned, however, the excep- 
tional appearance of land quadrupeds in the Oolitic 
strata, and their reappearance in the compara- 
tively modem fresh-water tertiary beds. Did they 
vanish from the earth between these periods, or 
might they not have existed before ? Myriads of 
species of megatheriums, macrotheriums, dinothe- 
riums, anaplotheriums, or anyothertheriums may have 
existed before the Silurian or primary and metamor- 
phic period, without a vestige of their fossil remains 
being found in these strata. Their fossil remains 
would have been hoarded in the drift and alluvium 
of the lands from the denudation of which the 
Silurian and metamorphic beds were formed, and the 
fossil remains would have been dissolved pari passu 
with those ancient continents. 
Bcnuda- Dcuudation and deposit pervade the whole terra- 

tion and •*■ •*■ 

^^Lr'' qii^oiis globe. That is, the whole surface of the land 
JLjueous'" is perpetually denuded, and the whole bed of the sea 

perpetually deposited on. 
But no But I need not remark that it is impossible that 

stratum 

^^^ , anv stratum should be continuous over the globe , 

universal *^ o 7 

giobe?^^ since those continents could not be deposited on 
whose denudation furnished the deposit. As three 
quarters of the surface of the globe are now sea, 
those three quarters might be subject to deposit now. 
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About the same proportion may always have ob- 
tained. That is, we have no reason to suppose but 
what the globe is now, and ever has been, pretty 
much the same as when God first created it. 

But though fossils of land animals are rare in Aaau strata 

have land 

marine strata, we are not totally without the olive [^^'i^e 
branch anywhere. There are unequivocal symptoms fo^ed 
of neighbouring dry land in all strata. Even not a^b^sof 

land, 

excepting the chalk, all deposited strata do occa- That is, by 
sionally contain the remains of land animals, plants, ^^^^i^de- 

in !•• •iii. "Lii nudation. 

or shells ; or of river animals, plants, or shells ; or 
they have ripple-marks or footmarks. If this does 
not prove that the entire masses of these strata were 
deposited from the subaerial denudation of land which 
was high above the sea, it at least proves that while 
these beds were being deposited they were within the 
reach of high land which was suffering denudation. 
I have inserted ripple-marks in my list of wit- 
nesses, because they form almost my only claim to 
the Silurian and crystalline and altered beds. Kipple- 
marks, however, evidently testify the neighbourhood 
of land while the ground on which they were im- 
printed was subject to deposition. Had the ground 
on which they were formed been rising and subject 
to denudation, they would have vanished.* With 
regard to the remains of land plants, Lyell (* Prin- 

* In 1876 Batnachia were discovered in Paleozoic strata. They 
were not supposed to have existed till tertiary times. Some of these 
days we shall be startled by the imprint of ' Man Friday's ' foot in 
Cambrian sandstone. Note to third edition. 
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ciples ') says of the Silurian beds : * Hitherto few, 
if any, contemporaneous vegetable remains have been 
noticed ; but such as are mentioned agree more nearly 
with the plants of the carboniferous era than any 
other, and would therefore imply a warm and humid 
atmosphere, entirely free from intense cold through- 
out the year.' According to Playfair, ripple-marks 
are found in the crystalline and altered rocks. 

In reference to the chalk, it is entirely exceptional. 
It is a deep-sea deposit, not resulting from any denu- 
dation, but formed of the calcareous parts of the 
remains of fish, corals, zoophytes, and animalculae, 
as its flints are of the siliceous parts of these remains. 
And I think that this accounts for ' the hiatus which 
still separates the cretaceous and Eocene periods in 
Europe.' For it is only natural that the organic 
remains of the deep-sea deposit should differ from 
those of deposits formed from the detritus of land. 
Surface In chalk countries denudation leaves a residuum 

flints the 

'^ItS- ^^ flints on the surface ; because, though these flints 
disintegrate, and though each of them is surrounded 
with a white soft surface of decay, they do not decay 
so fast as the chalk. Notwithstanding the most 
sedulous stonepicking, these flints still make their ap- 
pearance, and it is the universal opinion among 
farmers that they grow, not in size, but in numbers. 
But however we may laugh at the idea of the growth 
of flints on land, for the fact that surface flints in- 
crease in number it is impossible to suppose more 
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competent witnesses than fanners ; and how is the 
fact to be accounted for unless they are the residuum 
of denudation ? When sheep, in feeding off turnips, 
have trodden the ground firm and the flints loose, I 
have seen them raked into rows and shovelled into 
carts. And were it not that the bulk of the layers 
of chalk which decay into soil so infinitely exceeds 
the bulk of the layers of flint which decay into soil, 
the accumulation of surface flints would soon stop 
agriculture in chalk districts. But as rain gradually 
and annually washes away the soil, the plough brings 
up fresh flints. And this increase of surface flints 
in number would prove a very universal denudation 
going on at this moment under our own eyes. I add 
this paragraph to the second edition : — ^With regard ^^°^ 
to the formation of chalk, we have pretty good evi- 
dence that it is now forming on an enormous scale. 
In the Atlantic, Lieut. Nfelson found a deposit from 
decayed coral in some lagoons at the Bermudas, some 
specimens of which are now in the museum of the 
Geological Society, and Lyell says that they are 
only to be distinguished from chalk hy their labels. 
In the Pacific, Darwin says that myriads of fish of 
the genus Sparus feed day and night on the living 
corals on the outside of the reefs, and that the inside 
parts of the reefs are perforated in all directions by 
a certain worm, and that the excrement of the fish 
and of the worm is not to be distinguished from 
chalk. Now, as there are many, many thousand 
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miles of coral reefs, we need not look farther for 
flinuT*^ the origin of chalk. With regard to the how flint 
was formed, I think that all the suppositions are the 
merest and sheerest guesses. But I think that the 
when and the where are clear as far as this, that flint 
was formed when the chalk was formed and where the 
chalk was formed, because flint fills and involves the 
shell-fish and zoophytes of the chalk sea. I think 
that it is clear that both the chalk and the flint were 
formed in the sea, and I should guess that out of the 
sea (that is, after the chalk was raised) there has 
been no change whatever in either of them except 
decay. And I add this paragraph to the third 
stained cdition : — The decaying surface of flints is very 

surface of • i i 

flints. easily stamed by water impregnated with iron. 
Hence our yellow and red gravels. When these 
are exposed to the atmosphere, decay of the surface 
goes on, and the gravels are blanched. The practi- 
cal philosopher, the gardener, then turns the gravel, 
and again presents a coloured surface for the atmo- 
sphere again to blanch. Humboldt, in Cosmos, talks 
great nonsense about the intense heat necessary to 
alter the surface of our so-called aerolites. The 
alteration is simply the effect of the same cause 
which alters the surface of the flint, the chemistry 
of moisture and the atmosphere. 
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CHAPTER XV. 

ELLET ON THE MISSISSIPPI. 

EttCT rOUfUn THIS ALLUVIAL PLAtM 80LBLT FORWARD AHD SOLELT 
IV THE HEA. THE BEDS OF BIVEB« AKD VALLEYS AEB fOBMED 
CHIEFLT BACKWARD OB UP THE VALLET. BIVEB8 MAT HAVE 
PATCHES or ALLtrVlAL PLAIV AlfTWHEBE. AVD THESE PATCHES 
FROORBBH BACKWARD, OB VF THE VALLET. THE PBACTICAL MAB*S 
UOSSTROtIB THEOBT OP THE FOBMATIOK OF THE DELTA. IP THIS 
THEOBT WEBE TBCE, THE BIVEB OHCE EHBAVKED WOULD BE ALWAYS 
EKBAHKED. BUT ETEBBAL CAUSES MECESSITATE AM ETEBVAL BAISIHO 
OP THE EHBAlfKMEKTS. PBIBCIPLE OP THE LOVOITUDIBAL ABO 
LATERAL SLOPE OP ALLUVUL PLATHS. THE BED OP THE BIVEB 
BISES WITH THE ALLUVUL PLAIB. WHY ALLUVUL BIVEBS BECEIVE 
TBIBUTABIBS WITHOUT IVCBEASE 01 WIDTH. CAUSE OP THE SHAPB 
Of DELTAS. THE PABADISE FOB MAN IS FOBMED BY BAIB AMD BIVEBS. 

The second edition of the ^ Tree-lifter ' was scarcely 
printed before Ellet's work on the embankment of 
the alluvial part of the Mississippi came into my 
hands. His views of the mode of formation of 
alluvial plains differ widely from those which I have 
stated in the ' Tree-lifter/ 1858. 

This practical man abjures and bars ^geological 
BpectdationSf* and at the same moment that he abjures 
these, he brings forth geological speculations of a 
character more monstrous than any which have been 
perpetrated in modem times. But, doubtless, EUet's 
opinions are practice, and his neighbour's opinions 
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^ speculations.' This is a very nsnal and very useful 
definition of the diflFerence between theory and practice. 
f^^y^ Ellet calls the whole of the alluvial plain the delta. 
pidTiieiy I should restrict the delta to that small part of an 
thT^ ' ^ alluvial plain from the sea to where the river first 
breaks into branches to the sea, the two outside of 
which, with the sea shore, often form a A. I 
do not, however, fight about a name, nor should I if 
it was the hardest and longest that Humboldt ev^r 
coined. But Ellet makes ' the head of the delta ' 
and the line of the ancient sea shore the same, and 
he places these as far north or up the river as Com- 
merce, above the Ohio. I should place the line of 
the ancient shore at least as far south as the present 
shore east and west of New Orleans. Ellet, indeed, 
deprecates the mooting the question, and designates 
it as ^ an irrelevant geological speculation.' But, as 
will be seen by the diagram, page 233, Ellet forms 
his delta solely forward and solely in the sea. And 
according to him and his diagram, it is only the sea- 
formed delta which rises. From the sea shore up- 
ward or backwardj the level of the land-formed alluvial 
plain has been stationary for 45,000 years ! It is 
therefore of vital importance even to Ellet's extra- 
ordinary theory, to know which part of the plain is 
sea-formed, and which is land-formed, that is, where 
the ancient sea shore ran. I shall refer to this 
question hereafter, and shall here endeavour to show 
that all alluvial plains, including their deltas, increase 
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and rise every year everywhere, backward up the 
valleys, as well as forward in the sea, at the ends of 
the deltas. 

Eain, or a river, works at the whole length of the ^he beds of 

' ' ^ nven and 

valley or river course at the same time. But the wS"* 
chief formation is backward, that is from the sea to the backward, 

or up the 

hill. For, as the beds of rivers, if not horizontal, vaUey. 
slope down to the sea, it is evident that the cutting 
down of the parts farthest from the sea must depend 
on the cutting down of the parts nearest the sea ; 
that is, the parts farthest from the sea cannot be 
cut lower than the parts next the sea. So far the 
cutting of the parts farthest from the sea is depen- 
dent on the cutting of the parts next the sea. So 
that the chief longitudinal cutting of a valley or 
river-bed may be said to proceed from below upward 
as regards the valley, or backward as regards the 
stream of the river ; that is, it proceeds from the sea 
to the hill, not from the hill to the sea. 

No one will doubt that the Niagara gorge is cut 
backward ; but take the case of a barrier without a 
lake behind it. Suppose a barrier of rock to run 
across any valley or river- bed ; when the bed of the 
valley or river on the upper side of the barrier has 
been worn down to a horizontal level with this 
barrier, it can not go lower. The barrier is in this 
particular case what the sea is in all cases, a negative 
key to the level of the valley. Thus deep shalt thou 

go and no deeper. A river-bed cannot run down 

Q 2 
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before it comes to the barrier, and then again over 
the barrier. But as the barrier is cut through, the 
bed of the valley or river will be deepened back- 
ward, or from below upward, or towards the hills. 
This principle is true of the filling in of valleys 
as well as of the scooping them out. For when 
the scooping out or deepening is stopped at the 
lower end by the sea or a barrier of rock, denudation 
of the inclined parts above still goes on, and makes 
that lower part horizontal. And the passage of the 
detritus and soil from the . inclined upper parts of 
valleys is checked in the horizontal lower parts of 
Bivers vallcvs, and soil accumulates there. This is the 

may have " 

Su^*^^ origin of alluvial plains ; and a river of any size, or 
wkM^f^^' any rapidity, may, at any distance from the sea, have 
patches of alluvial plain, where no lakes have ever 
been ; that is, above every rapid or accidental barrier 
of hard ground. For as the barrier ponds the flood- 
water back on the horizontal valley above it, deposit - 
will take place, that deposit will increase the ponding 
^tches back up the valley, and, as long as overflow takes 
haehw^rd, place, thesc patches will rise and progress backward 
▼aUey. ^p the vallcy. The only difference in the laws for 
the growth and gradient of these patches from those 
which regulate the growth and gradient of the plain 
at the level of the sea, is that they have no increasing 
cause for rising equivalent to the forward lengthening 
of the delta of the lower alluvial plain. 

These flat alluvial patches may be seen even in 
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torrents, sometimes reaching from one cascade to the 
other ; and though each cascade digs a hole deep in 
proportion to the height of the cascade, as the cascade 
recedes, that part of the hole or rather groove which 
is farthest from the cascade is filled with debris. It 
is easy to perceive that these patches must be liable 
to constant change. They must be perpetually 
shortened by the recession of the lower barrier, and 
lengthened by the recession of the upper one : also 
that the wearing down of a barrier or shallow from 
below will expose the alluvial patch above it to de- 
nudation ; while the rise of an alluvial patch from 
below, over a rapid above it, may join two alluvial 
patches in one. These principles are eternally at 
work on all valleys, from the smallest to the largest. 
With regard to the lower alluvial plain, the last 
yard protruded at the level of the sea, by preventing 
the flood-water spreading in the sea, that is by pond- 
ing the water back, forces it over the yard behind it, 
and raises that yard above the level of the sea ; and 
so every yard raises the yard behind it backward in 
succession not only to the highest point of the alluvial 
plain, but above it ; that is, from the end of the 
delta at the sea, the river builds its alluvial plain at a 
certain gradient (say that given by Ellet, eight inches 
in a mile), and its banks, say at a gradient of three 
inches in a mile,* till these gradients strike the un- 

* The difference is owing to the winding of the banks through the 
plain. 
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alluvial bed, which it progresses up; and whether 
the whole river is artificially embanked, or whether 
it has patches embanked, in either case, the banks 
must eternally be raised with the eternal rising of 
this natural gradient. 

Thus it is that a river is enabled to build itself a 
channel of indefinite length out to sea (the Ganges 
runs 220 miles out to sea), the sides of which channel 
shall not only confine for three parts of the year, the 
waters which build them, but these banks shall rise 
high above the level of the sea through which they 
are built, and shall attain, on the alluvial plain, to 
the height of 300 feet in 500 miles, though the 
river which builds them is the very power which ex- 
cavated their foundations. All this appears impos- 
sible : yet every day, in every quarter of the globe, 
these impossibilities are being performed. 

The height of banks thus built above the spring- 
Water, is simply the difference between the level of 
the flood-water and spring-water. The difference 
between the level of the flood-water and spring- water 
at the sea is nothing. Therefore the banks die off 
to nothing at the sea. And one would suppose that 
there must be a fixed rule for the height of alluvial 
banks, according to the distance from the sea. In 
other words, that there must be a fixed rule for the 
increased rise of the flood-water necessary to over- 
flow alluvial banks, directly as their increased distance 
from the sea. Though possibly this would chiefly 
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depend on the quantity and suddenness of the floods 
to which each individual river is subject. I have 
seen somewhere, I think in Herodotus, the planetary 
number 7 applied to the Nile, in the supposition that 
at Mendes it required a rise of 7 cubits to overflow the 
banks, at Memphis 14, and at Syene 28 '^. The rule 
however, if there be one, would only apply where the 
banks and bed are completely alluvial. \ The deposits 
must also tend to die off to nothing at the upper end 
of the alluvial valley, unless the slope of the unalluvial 
valley is suddenly terminated by a ridge of rock. 

This determination of valleys to begin at the end, 
and to go on backwards^ is, as has been said, the cause 
why they are generally widest at the end next the 
sea. Because the longitudinal cutting being there 
first made, the sides will be there first exposed to 
disintegration and the lateral wash of rain. So that, 
other circumstances the same, valleys widen as they 

* So published in the two first editions. The passage is in Plu- 
tarch's Isis and Osiris, section 48, where the numbers are made to 
refer to the quartering of the moon. Plutarch describes the annual 
growth of the delta upward on the land and forward in the sea from 
new deposit from the river in section 40 : 'Ofwfuw yhp h-i pvw ivi4>4pwTi 

Ttfi woTOfi^ via» CKifp koI wpoaayay&wn t7\p yijWf Kara fwcpbv vroxi^povr oriffia 
t6 wiXayos, Kcd t^w $d\aa<raM, Oif/os tQw €P pdBci \afipaw6rruv did, tAj wpoax"*'' 

f As a loose approximation to a general rule, may it be said that 
the slope towards the sea of the banks of au alluvial river is between 
two and three inches in a mile, and that the slope of the flopd- water 
is the same ? I think that Ellet is wrong in laying down a rule for 
the low water slope ; as long as the river is confined by its banks the 
slope must constantly vary. It must increase and decrease directly 
as the volume of water. So abo must the velocity of the stream. 
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descend. But directly as the comparative hardness 
of the sides of any part of a valley will be the com- 
parative narrovmess of that part. 

Ellet has left the main natural difficulty out of the 

calculation. That is, he has blinked the growth of 

the alluvial plain backward up the valley, on the land. 

hcsjU^'s To suit his mode of forming the delta only forward^ 

monstrous 

^ly of and only in the sea, he introduces the sea (and a deep 
tionofthe g^j^ j^^^ gQQ ^^^^ j^^^ ^^^ Cooitinent of America, 

up ' to the village of Commerce, about thirty miles 
above the mouth of the Ohio.' ' It is not an mr- 
reasonable supposition that, at periods anterior to the 
commencement of the deposit, the bed of the gulf 
sloped up uniformly from it& present depth {' more 
than 1000 feet') near Belize to the shores then 
found above the mouth of the Ohio.' 

Here he tumbles the Mississippi over a cataract at 
* the point at which rock in situ is first encountered 
on both sides of its channel, and supposed to be 
found in its bed.' The cataract has ' a fall of 285 
feet at low water, or nearly double the actual per- 
pendicular descent of the falls of Niagara.' And 
the same rock still remains ^ in situ ' in the channel 
of the river over which this cascade rolled for 45,000 
years, while it formed the delta. And the wear and 
tear, not only of the floods of the river, for this 
space of time, but the passage of the material of the 
entire alluvial plain, have neither lowered the rock 
a hair's breadth, nor caused its face to retreat an inch 
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up the valley* Indeed, so far from any erosion being 
formed by this cataract, a curiously strong deposit, a 
sort of cascade of deposits, instantly begins from it. 
It builds up from the bottom of the sea, perhaps 300 
feet deep, an alluvial deposit to the top of the cataract, 
nearly 300 feet high. This deposit, retaining always 
the same level at the cataract, is pushed forward in the 
course of 45,000 years to the end of the present 
delta. And * the inevitable consequence of this 
hypothesis will then be that the slope of the plain 
must have been at successive periods, as represented.' 
' The whole space embraced in the triangle h a b, 
became filled up by sedimentary accretions, and the 
river sloped off from h to the mouth of the Arkansas, 
with a descent represented by h. b, more than twice 
as great as its present rate of descent.' 
If this If alluvial plains were formed according to this 

w^tnie, diagram, solely down stream, or forward in the sea, 

the river 

once em- from thc sca shorc backward on the land, the river 

banked 

Z^^era. ouce cmbankcd would be always embanked, and there 
would be no difficulty about it. But nothing in 
nature ever happened like this diagram. The left 
end of the line of deposits never got up to h before 
the right end arrived at d. 

EUet has only allowed for his house being on fire 
at one end, whereas it is on fire at both ends. He 
has only raised and lengthened the line of new de- 
posits to the right, or forward into the sea, whereas 
nature raises it, and lengthens it to the left also, or 
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raising of 
the em- 
bankmentAr 



backward up the valley. And the present line of de- 
posits, H D, is not by nature stationary at H, as EUet 
has made it for 45,000 years, but would be for ever 
rising throughout, and lengthening at both ends, 
unless stopped for a time (in lengthening, not in 
rising) by the foot of a rapid to the left, above h, 
which it will progress tip, while the water wears it 
down. 

Though artificial embankments will stop this rise Bu^etemai 

o -L causes ne- 

of deposits altogether, and even expose them to ^^ "* 
denudation, the eternal causes of the rise of deposits ^^ 
will be at work on the rise of the surface of the river, 
and of its bed, and consequently on the necessary 
rise of the artificial embankment for ever. And as 
long as man can play this game, the plain, instead of 
rising every year from overflow And deposit, will sink 
every year from denudation, while the surface of the 
river and its bed will rise every year. 

The filling in of valleys is, as has been said, on 
the same principle as that which governs their scoop- 
ing out. That is, it proceeds chiefly from the sea 
towards the hill. And the chief growth of alluvial 
plains in extent of area is backward or up stream on 
the land,, not forward in the sea* That is, it is 
simply from the ponding back and overflow of water, 
which must happen where valleys which have been 
worn horizontal, or nearly horizontal, receive the 
flood-water from the inclined channels of unalluvial 
rivers. Commerce is nearly 300 feet above the level 
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. of the sea. The direct distance to the sea is about 
600 miles. The slope of the land is about eight 
inches in the mile. By the river, the distance is 
about 1200 miles, the slope of the banks is about 
three inches in the mile. Cut oflf the lower 250 
miles of alluvial plain, t)r introduce a deep estuary 
that distance, there would be a fall of the river into 
the estuary of nearly 150 feet. This would soon 
cut a deep channel through the soft alluvial deposits, 
backward to Commerce, and the river could not over- 
flow and deposit on its banks. Clap on the lower 
250 miles of deposits again, and it will overflow and 
deposit on its banks. Why ? because the lower 250 
miles of deposits pond the river back on the upper 
250 miles of deposits. 

Artificial banks prevent this rising of the plain, 
that is, of the natural banks. While, by increasing 
the rise of the delta in the sea, they increase the 
ponding back, or rising of the surface of the river 
and of its bed. Art, therefore, is not only perpetu- 
ally fighting against itself, but perpetually increasing 
its powers against itself ; that is, in the case of the 
Mississippi, the deposit which nature would annually 
spread over the surface of 40,000 square miles to 
raise the land against the water, art annually sends 
to the end of the delta to increase the rising of the 
water against the land, while at the same time it ex- 
poses that land to denudation. 
Principle of There are two slopes in perpetual formation in 
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alluvial plains. The degree of the longitudinal slope Jj5j^«|-j 
(eight inches per mile) is the result of the annual ^^^ 
ponding back of flood-water. The degree of the piSmT 
lateral slope (say 40 inches per mile) results from 
the dying off of deposits from moving water. The 
longitudinal slope is so slight that to almost all prac- 
tical intents it may be left out of calculation. But 
the effect of this slight difference between principle 
and practice, in such a basin as the Mississippi, may 
expose millions of men to the constant chance of 
death to themselves and destruction to their property 
from inundation, with the certainty that their actual 
estates are in process of becoming subterranean and 
themselves and their works fossil. For let the Po 
fill the Adriatic at a dead level, what signifies it to 
Ferrara ? but give a slope of eight inches in the mile 
from Otranto towards the Alps, and Ferrara is sub- 
terranean. 

When the Mississippi first began to cut its channel 
to the sea, which was when the land had just risen 
from the sea, there was no indenture in the sweep of 
the shore of the gulf, nor did that shore reach up to 
above the Ohio, as EUet has supposed. On the con- 
trary, the shores of the gulf (I do not allude to the 
delta) extended then much farther into the sea than 
they do now, and they have been worn back by the 
sea. But the line even of the present sea shore 
would cross the delta about New Orleans. And the 
very least that can be abstracted from EUet's 
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ancient sea is the distance between New Orleans and 
Commerce. 

This question is, as I have said, of importance, 
because, according to EUet's theory and diagram, the 
level of the plain at the sea shore, and from thence 
upwards, is stationary, and it is only in the sea that 
the delta rises. And the rise of nearly 300 feet 
from New Orleans to Commerce is, according to 
EUet, exceptional, as regards the plain above it, 
because it was raised in the sea. Whereas, in fact, 
it was raised on the land, by the same causes which 
are now raising it and all the alluvial parts above 
it. The only part of the delta formed in the 
sea is from New Orleans to the point d, in the 
diagram. 

The young river made an indenture in the sweep 
of the shores; the mature river filled it in. The 
young river made an indenture as its estuary, or 
negative delta, as it is called, which must always 
precede a positive d^lta. For, as has been repeated 
too often, the direct operation of a river is only to cut 
down a deep channel for itself, till that cutting down 
is stopped by the «ea. But since this estuary was 
eut, rain has formed the entire valley of the Missis- 
sippi, and the river has rolled the former contents of 
this valley into the sea* There is no wonder then 
at the largeness of the delta ; the wonder is that it is 
so small. ' It is perhaps a millionth part of what has 
gone into the sea. And the other 999,999 parts 
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are now forming tertiary (or quartiary*) strata, to 
support our descendants a million years hence. But 
small as the delta is, it is a pretty good lump of 
earth. And where does it come from, unless from 
the formation of the valley ? But the operation has 
not ceased. . On the contrary, it increases in vigour ; 
and the river is not only now daily increasing the 
growth of the delta and the alluvial plain, by deposit 
from the denudation of the whole of its tributary 
groundj but the greater the future growth of this 
tributary ground, that is, of the unalluvial valley, in 
length and in width, the greater will be the supply, 
not only of water, but of alluvium, and consequently 
the greater will be the growth of the delta, forward 
into the sea, and of the alluvial plain backward up 
the valley. If, according to EUet's theory and dia- 
gram, the level of the plain upward from the sea 
shore, which he puts at Commerce, but which actually 
was at New Orleans, has remained the same for 
45,000 years, it may remain the same for the next 
45,000 years. This is a very comfortable doctrine 
because, in this case, the river once embanked is 
always embanked. But in fact, as has been stated, 
the level of a^ valley is never permanent in any part, 
and there is no part of the valley of the Mississippi 

* I v^sed tliis expression in 1857 before I ever saw the more 
euphonious ^qoartemary strata.' And I have never yet seen this 
expression ' qnartemary strata ' except misused. That is, applied 
to surface drift and alluvium deposited on land instead of strata 
deposited in water. 



i 
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subject to flood which is not raised by deposit every 
year, nor any part of the whole valley not subject to 
flood, or where flood is hanked out, which is not 
lowered every year by denudation. 

* Rock in situ ' in the channel of a river is no 
proof in general that the sea reached up to it. The 
river may have cut any quantity of rocky strata down 
to below the level of its present bed between Commerce 
and the Gulf, and afterwards have covered them deep 
under the alluvial plain, as it may hereafter the par- 
ticular rock at Commerce, or any successive strata of 
rocks higher up the river. And the Mississippi is 
now, and for ever will be, goin^ on backwards up the 
valley, wearing down rapids and pushing up the alluvial 
plain, and patches of alluvial plain. 

And as to the particular rock at Commerce, the river 
has evidently cut it down to its present level, out of 
the chain ' where the rocky hills approach the shore 
on both sides.' And Eliot's cascade would have 
originally fallen from the top of these * rocky hills ' 
into his sea, if it had existed. 

Whether the river cut its passage through these 
* rocky hills ' by ponding, that is, by forming a lake 
behind them, like the St. Lawrence at Niagara, or 
without ponding, as the Weald rivers have through 
the North and South Downs, is probably now not to 
be guessed at. But the reason that these * rocky 
hills ' still * approach the shore on both sides ' is 
simply their hardness in comparison with the sides 
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of the valley, above and below. They have yielded 
less quickly to disintegration and the wash of rain, 
and therefore project from the sides of the valley, 
from the same cause as the volcanic dikes do from 
the sides of the Val del Bove. 

If left to nature, the river might continue to erode 
its rocky bed at Commerce, and while this erosion 
was going on the alluvial plain might rise, and with 
it the bed of the river, and, passing clear over the 
rock, they might carry their uniform gradients up the 
valley for hundreds of miles. The jS.rst rock ' in situ' 
above Commerce would then, according to EUet, 
mark where the delta began and the sea ended. 

Any stratum of rock which formed a barrier across 
the valley 1000 miles above Commerce might occa- 
sion a detached patch of alluvial plain above it. 
Below this barrier the river might run for 100 miles 
over rapids, and as the river wore this bed of rocks 
down, and the alluvial plain progressed up the valley, 
this patch of alluvial plain might be joined to the 
lower plain, and so become the beginning of what 
EUet calls the delta. 

EUet contends against * the popidar beliefs' that the The j^^ of 

*^ the nrer 

river raises its bed. He is constrained, however, to it^auiwai 
allow that it has done so, through the 500 miles of ^^^' 
his own particular sea-formed delta. If it had not 
raised its bed between Commerce and Belize, the bed 
jo{ the river now would be the same as the bed of 
EUet's ancient sea; just inside the mouth of the 

i 
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river there should be more than 1000 feet of water 
where there are now 100. And though the bed 
would * slope up uniformly ' to * above the mouth of 
the Ohio/ we should then add 300 feet to the depth 
of the river, namely, the depth of the old cataract 
from ^ the rock in situ.' EUet, however, gives the 
depth of the rivei* there as about seventy feet. Its 
bed then must be upwards of 200 feet above the 
surface of EUet's supposed sea, since its surface was 
nearly 300 feet below the rock in situ. 

But this, according to Ellet, is only * a has been ; ' 
it is exceptional, because this part of the alluvial 
valley was formed in the sea, which it was not. The 
bed of the river no longer rises ; therefore the river 
once embanked is always embanked. This is a 
frightful mistake. The causes which scooped the 
valley of the Mississippi out and also filled it m, are 
still producing both these effects now as actively, 
nay, more actively, than ever. And as long as the 
river floods, and wherever it floods, it will deposit 
and raise its banks, and with them its bed. Even 
the present beds of the mouths of the delta will here- 
after be raised as the delta progresses out to sea. As 
long as the end of the delta remains stationary the 
depth of the mouths must be stationary to this ex- 
tent, there must be sufficient depth to let the water 
into the sea. But as the delta progresses forward 
into the sea the beds of the present mouths may rise, 
as the whole bed behind them docs rise now, and may 
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rise till the alluvial plain reaches the foot of the 
Eocky Mountains. 

EUet notices, as an anomaly and a peculiarity of ^^^" 
the Mississippi, that it receives vast tributaries with- Sblitoriei 

T-k 1 i 1 without in- 

out an apparent increase of width. But can that be crease of 

^^ ^ ^ width. 

called an anomaly which is a law in all alluvial plainB ? 
The cause I have endeavoured to explain in the second 
edition of the ' Tree-lifter.' Not only are the beds 
in unalluvial parts inclined, but the land inclines 
towards the banks. As floods then cannot overflow, 
they must tear the banks down till they contain the 
largest possible flood of the river and each tributary ; 
and th^ channels of unalluvial rivers always are 
adapted to the flood-water j and unduly large for their 
spring-water. But floods in alluvial rivers, instead 
of tearing down, build up the banks, and although 
they cannot build higher than themselves, each year's 
building increases next yeai*'s ponding, and so, without 
scaffolding^ they may build infinitely higher than the 
floods of former years ; and this yearly increasing 
ponding not only raises the deposits on the alluvial 
plain, but up the unalluvial plain. The banks of an 
alluvial river being then high enough to accommo- 
date the flood-water till it only just overflows, it is 
evident that the spring-water of each tributary, though 
it will increase the volume, will not increase the width 
of an alluvial river. The flood-water of tributaries is 
not contained at all, but overflows, and so increases 
the building of the height of the banks. If man pre- 
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vents the overflow of an alluvial river, he must con- 
sider it as an unalluvial river. He cannot, indeed, 
increase the width between the natural banks, but he 
may the width between the artificial banks, 
catue of There seems to be a reason in nature for the shape 

the shape 

of deltas. ( ^ J Qf all deltas. For the centre stream or streams, 
however they may vary their courses, besides causing 
the delta to bow out in the middle towards the sea, 
also cause it to bow up in the middle, along their 
courses. For all deposits from moving water mttst 
die off in the direction in which the water moves. 
And in this case the deposits have a lateral slope from 
the river five or six times as great as their longi- 
tudinal slope, from ponding. Thus the water does 
not return over the general surface traversed, as it left 
the river, and so denude the banks which it has de- 
posited. In the alluvial plain the flood-water retnms 
to the main river hj particular longitudinal channels 
parallel to the river, which it re-enters below, or by 
particular lateral channels cut down to the level of 
the spring-water. But in the delta the flood- water 
after depositing its load does not return to the main 
river ; it escapes to the nearest points of the sea, along 
the two low outsides of the delta. So that the two 
outside streams with the line of the sea shore form a 
triangle or delta. 

In the last century a French nobleman made a 
bet that he would get an English horse to do twenty 
miles in one hour. The savans in Paris clearly 
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proved that this was impossible, on account of the 
resistance of the atmosphere. Gimcrack was, how- 
ever, imported to France from England. And Dr. 
Johnson, in giving an accoimt of the affair, concludes 
thus, * Gimcrack, being no philosopher, set to work 
and did it.' 

Dii facientes adjuvant, the English for which is 
* try.^ And if the United States set to work nation- 
ally to embank the Mississippi, whatever human skill 
and energy can do will be effected by that great 
nation, but not the less for knowing the true princi- 
ples of the formation of alluvial plains. If you have 
a powerful enemy to contend with, you may as well 
know his real force and his mode of attack, and 
what his supplies are, and also what your own weak 

« 

points are. 

And in endeavouring to point out that the natural 
causes at work in the valley of the Mississippi against 
EUet's magnificent schemes are greater than his esti- 
mation of them, it is not meant to argue against 
those schemes m particular, or against the object of 
those schemes in general. In Holland those who 
have perished by floods are numbered by hundreds of 
thousands. But since those who have there enjoyed 
exquisite existences are numbered by thousands of 
milUonSy would any one advocate the desertion by 
man of the delta of the Khine ? If so, we must 
desert all those parts of the globe which are richest 
in the accumulation of soil, therefore in vegetable 
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existence, therefore in animal existence, and there- 
fore in human subsistence and consequently exist- 
ence. 

Liberal, not selfish, is kind Nature's hand, 
Nor was perfection made for man below ; 

Yet all her schemes with nicest art are planned, 
Good counteracting ill, and gladness woe. 

Nihil est ab omni parte beatum. Is life anywhere 
without risk of death ? Are plague, pestilence and 
famine, empty words ? Are battle, murder, and 
sudden death mere bugbears to scare the timid ? 
Has vegetation no blight ? flesh no epidemic ? But 
man takes * the bite with the buffet/ Earthquakes 
expel him not from his cities, nor liquid lava from 
his fruitful fields. Tempests sweep him not from 
the surface of the ocean, nor fire-damp from the 
bowels of the earth. But of all th6 baits at which 
hungry man rises, none hooks him to such a cer- 
tainty as the fat valley. From its rank, rich rotten- 
ness springs the abundance which gives man ease 
and time to civilise himself. 

The first improvement on the man who fed on 
acorns and game was the isolated herdsman, who 
roamed over vast tracts of hill, or plains of poor 
soil. The rich valleys were thick forests and jungles. 
In those days, parvum vacabat liberalibus studiis. 
But when the agriculturist cleared alluvial plains, 
man became at once condensed and civilised. 
^ir' Witness, in the Old World, China, India, Chald^a 
S^by and Egypt. On the wings of steam modem com- 
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merce and colonisation call forth and interchange Eainand 

Biren. 

the glorious products of every valley of the two 
worlds, uniting all by mutual benefit.* We shall 
not be stopped out of this by an inundation or two. 
No, nor by anything short of an angel with a fiery 
sword. On this globe the paradise for man is that 
alluvial one prepared for him by 

Eain and Kivers. 



* The increase of human existence depends on the increase of 
human subsistence. The increase of human subsistence depends on 
Free Trade. Let us have one tax only, on income. Let every one 
have votes for members of Parliament in proportion to the income 
tax which he or she pays, and let any one land anything at any time 
anywhere. Then, and not till then, we shall have Free Trade. Let 
reciprocity take care of itself. Nations will follow our example when 
they see the wealth, power, and population which follow it. If they 
do not, England will be the single rich man among nations. 
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By T. V. Shorty D.D. some- 
time Bishop of St. Asaph. 

New Edition, Crown ^o, 'js. 6d, 

The Historical Geogra- 
phy of Europe. 
By E. A. Freeman, D.C.L. 

%fuo. Maps. [In the press. 

The Student's Manual 

of Ancient History : con- 
taining the Political His- 
tory ^ Geographical Posi- 
tion^ and Social State of 
the Principal Nations of 
Antiquity. 
By W.CookeTaylor,LL.D. 

Crown %vo, *is, 6d, 

The Student's Manual of 

Modern History : contain- 
ing the Rise and Progress 
of the Principal European 
Nations, their Political 
History, and the Changes 
in their Social Condition, 
By W. Cooke Taylor, LL.D. 

Crown Svo, 'js, 6d, 



The History of Philoso- 
phy, from T hales to Contte. 
By George Henry Lewes. 

Fourth Edition, 2 vols, Svo, 32J. 

The Crusades. 

By the Rev. G. W. Cox, 
M.A. 

Fcp, Svo, with Map, 2s, 6d, 

The Era of the Pro- 
testant Revolution. 
By F. Seebohm, Author of 
*• The Oxford Reformers' 

With 4 Maps and 1 2 Diagrams. Fcp, Svo. 
2s, 6d, 

The Thirty Years' JVar^ 
1618-1648. 

By Samuel Rawson Gar- 
diner. 

Fcp, $vo, with Maps, 2s, 6d. 

The Houses of Lancaster 

and York ; with the Con- 
quest and Loss of France. 
By yames Gairdner. 

Fcp, Svo, with Map, 2s, 6d, 

Edward the Third. 

By the Rev. W. Warburton^ 
M.A. 

Fcp, Svo, with Maps, 2s, 6d, 

The Age of Elizabeth. 

By the Rev. M. Creighton, 
M.A., late Fellow and 
Tutor of Merton Col- 
lege, Oxford. 

Fcp, Svo, with Mats, 2s. 6d. 
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BIOGRAPHICAL W^ORKS. 



The Life and Letters of 

Lord Macaulay. 
By his Nephew, G. Otto 
Trevelyan, M.P. 

2 vols, Svo. with Portrait, price 3dr. 

The Life of Sir William 

FairbairUy Bart. F.R.S, 
Corresponding Member of 
the National Institute of 
France, &c. 

Partly written by himself ; 
edited and completed by 
William Pole, F.P.S, 
Member of Council of 
the Institution of Civil 
Engineers. 

[In the press. 

Arthur Schopenhauer, 

his Life and his Philosophy. 
By Helen Zimmern. 

Post S^o. with Portrait, Js. 6d, 

The Life, Works, and 

Opinions of HeinrichHeine. 
By William Stigand. 

2 vols, Svo. with Portrait of Heine, price 2%s, 

Memoirs of Baron Stock-- 

mxir. 

By his Son, Baron E. Von 

Stockmar. Trajtslated 

from the German by 

G. A. M. Edited by 

F. Max Muller, M.A. 

2 vols, crown Svo, 2ls, 



Admiral Sir Edward 

Codrington^ a Memoir of 
his Life; with Selections 
from his Correspondence. 

Abridged from the larger 
worky and edited by his 
. Daughter y Lady Bour- 
chier. 

With Portrait^ Maps, ^c. Crown Svo, 
price is, td. 

Life and Letters of Gil- 
bert Elliot, First Earl of 
MintOy from 1 75 1 to 1 806, 
when his Public Life in 
Europe was closed by his 
Appointment to the Vice- 
Royalty of India, 
Edited ^ the Countess of 
Minto. 

3 vols, post Svo, 3 1 J. dd, 

A utobiography. 

By John Stuart Mill. 

Svo, *]s, 6di 

Isaac Casaubon, 1559- 
1614. 

By Mark Pattison, Rector 
of Lincoln College, Oxford. 

Svo, price \Ss, 

Biographical and Criti- 
cal Essays, reprinted from 
Reviews, with Additions 
and Corrections. 
By A. Hay war dy Q.C. 

Second Series, 2 vols, Svo, 28j. TTiiru 
Series, i vol. Svo, I4r. 
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TAe Memoirs of Sir 

John Reresbyy of Thry- 
bergh, Bart. M.P. for 
York, (2fc. 1 634-1 689. 

Written by Himself Edit- 
ed from the Original 
Manuscript by yames 
y. Cartwright, M.A. 

%vo, price 21s, 

Lord George Bentinck; 

a Political Biography. 

By the Right Hon. B. 
Disraeli M.P. 

New Edition, Crown Svo. dr. 

Essays in Ecclesiastical 

Biography. 

By the Right Hon. Sir y. 
Stephen, LL.D. 

Cabinet Edition. Crown %(vo. *js. 6d. 

Leaders of Public Opt-- 

nion in Ireland; Swift ^ 
Flood, Grattan, OConnell. 

By W. E. H. Lecky, M.A. 

Crown Svo. *js. 6d. 



Dictionary of General 

Biography ; containing 
Concise Memoirs and No- 
tices of the most Eminent 
Persons of all Ages and 
Countries. 
By W. L. R. Gates. 

NewEditioji, Sz'o. 2$s. Supplement, 4s. 6d. 

Life of the Duke of 

Wellington. 

By the Rev. G. R. Gleig, 
M.A. 

Crown 2^0. with Portrait, 5 j. 

The Rise of Great J^anti^ 

lies; other Essays and 
Stories. 

By Sir Bernard Burke, 
C.B. LL.D. 

Crown Sz/o. 12s. 6d. 

Memoirs of Sir Henry 

Havelock, K.C.B. 
Byyohn Clark Marshntan. 

Crown Svo. 3J. 6d. 

Vicissitudes of Families. 

By Sir Bernard Burke, 
C.B. 

2 vots, crown Svo. 2ls. 



MENTAL and. POLITICAL PHILOSOPHY. 



% 



Comte's System of Posi- 
tive Polity, or Treatise upon 
Sociology. 

Translated from the Paris 
Edition of 185 1 -1854, 
and furnished with Ana- 
lytical Tables of Contents. 
In Four Volumes, each 
forming in some degree an 
independent Treatise: — 

Vol. I. General View of Positivism and 
Introductory Principles. Translated by 



J. H. Bridges^M.B. formerly Fellow 0/ Oriel 
College, Oxford. Svo. price 2is. 

Vol. II, The Social Statics, or the Ab- 
stract Laws of Human Order, Translated 
by Frederic Harrison, M.A. ^o. price 14s. 

Vol, III, The Social Dynamics, or the 
General Laws of Human Progress {the Phi- 
losophy of History). Translated by E. S. 
Beesly, M.A. Professor of History in Uni- 
versity College, London. Svo. 

[Nearly ready. 

Vol. IV. The Synthesis of the Future of 
Mankind. Translated by 'Ri&ax^Congreve, 
M.D., and an Appendix, containing the 
Author's Minor Trecttises, translated by 
H. D. Hutton, M.A. Barrister^at-Law. 
Svo. [In the press. 
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Order and Progress : 

Part /. Thoughts on Go- 
vernment; Part II. Stu- 
dies of Political Crises. 

By Frederic HarrisoUy 
M.A. of Lincoln s Inn. 

Svo, 14s, 

* We find from this book — a large part, and by far 
the more valuable part, of which is new — that Mr. 
Harrison has devoted careful attention to what 
we shall call the constructive problems of political 
science. Whoever has mistaken him for a common- 

tlace Radical, either of the Chartist or the Trades 
Jnionist type, has been wrong.... The best poli- 
tical thinkers for a quarter of a century or upwards 
have more or less vaguely felt that one grand pro- 
blem they had to solve was how our governing 
apparatus may be made to yield g[ood government ; 
but we are not aware that any writer has looked it 
more fully in the face, or more carefully scanned it 
with a view to a solution, than Mr. Harrison.' 

Literary Worlds 



Essays, Political, Social^ 

and Religious. 

By Richd. Congreve, M.A. 

Essays, Critical and 

Biographical, contributed 
to the Edinburgh Review. 

By Henry Rogers. 

New Edition* 2 vols, crown Svo, lis. 

Essays on some Theolo- 
gical Controversies of the 
Time, contributed chiefly 
to the Edinburgh Review. 
By Henry Rogers. 

New Edition. Crown Svo, dr. 

Democracy in America. 

By Alexis de Tocqueville. 
Translated by Henry 
Reeve, Esq. 

New Edition, 2 vols, crown Sufo. i6s. 

A2 



On Representative Go-- 

vernment. 

By John Stuart Mill. 

Fourth EditidHj crown ^0. 2s, 

On Liberty. 

By yohn Stttart Mill. 

Post Svo, *]s, 6d. crown Svo, is, 4^. 

Principles of Political 

Economy. 

By John Stuart Mill. 

2 vols, ^0, 3cxr. or I vol. crown ^0, 5/. 

Essays on some Unsettled 

Questions of Political Eco- 
nomy. 

By John Stuart Mill. 

Second Edition, Svo, 6s, 6d, 

Utilitarianism. 

By John Stuart Mill. 

Fourth Edition. Svo. ^s, 

A System of Logic ^ 

Ratiocinative and Induc- 
tive. 
By John Stuart Mill. 

Eighth Edition, 2 vols, ^o, z^s. 

Examination of Sir 

William Hamiltoris Phi- 
losophy, and of the princi- 
pal Philosophical Questions 
discussed in his Writings. 

By John Stuart Mill. 

Fourth Edition, Svo, I dr. 

Dissertations and Dis- 
cussions. 

By John Stuart Mill. 

4 vols, %fvo, price J^i, 6s, 6d. 
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Analysis of the Pheno- 

mena of the Human Mind. 

By James Mill. New 
Edition^ with Notes, 
Illustrative and Critical. 

2 vols, $z/0, 2&r. 

The Law of Nations con-- 

sidered as Independent Po- 
litical Communities ; the 
Rights and Duties of 
Nations in Tim^ of War. 

By Sir Travers TwisSy 
D.C.L. F.R.S. 

New Edition^ revised ; with an Introdttctory 
Juridical Review of the Results of 
Recent fVars, and an Appendix of 
Treaties and other Documents, Svo. 
price 2 1 J. 

Church and State; their 

relations Historically De- 
veloped. 

By T. Heinrich Geffcken, 
Professor of Interna- 
tional Law at the Uni- 
versity of Strasburg. 
Translated from the 
German by E. Fairfax 

Taylor. [in the press, 

A Systematic View of 

the Science of jurispru- 
dence. 

By Sheldon Amos, M.A. 

A Primer of the English 

Constitution and Govern- 
ment. 
By Sheldon AmoSy M.A. 

Second Edition. Crown ^o, 6s. 



Outlines of Civil Pro- 
cedure. Being a General 
View of the Supreme Court 
of Judicature and of the 
whole Practice in the Com- 
mon Law and Chancery 
Divisions under all the 
Statutes now in force. 
With Introductory Essay ^ 
References^ Time Table, 
and Index. Designed as a 
Systematic and ReadcAle 
Manual for Students, and 
as a Handbook, of General 

. Practice. 

By Edward Stanley Roscoe, 
Barrister-at'Law. 

\2fno, price 3^. 6^. 

Principles of Economical 

Philosophy. 

By H. D. Macleod, M.A. 
B arris ter-at-Law. 

Second Edition, in 2 vols. Vol. I, Svo. i^. 
Vol. II. Part I, price \2s. 

The Institutes of Jus- 
tinian; with English In- 
troduction^ Translation^ 
and Notes. 

By T. C. SandarSy M.A. 

Fifth Edition, Svo, iSs. 

Lord Bacon's Works ^ 

Collected and Edited by R. 
L. Ellis, M.A. y. Sped- 
dingy M.A. and D. D. 
Heath. 

New and Cheaper Edition. 7 vols. 2fV0. 
£3. 13J. 6d. 
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Letters and Life of 

Francis Bacon^ including 
all his Occasional Works. 
Collected and edited, with 

a Commentary, by y. 

Spedding. 

7 vols, 8z/^. £^ 4r. 

The Nicomachean Ethics 

of A ristotle. Newly trans- 
lated into English. 
By R. Williams, B.A. 

SVO, 12S, 

The Politics of Aristotle; 

Greek Text, with English 
Notes. 

By Richard Congreve, M.A . 

New Edition, revised, 2fvo, i%s. 

The Ethics of Aristotle; 

with Essays and Notes. 

By Sir A. Grants Bart. 
M.A. LL.D. 

Third Edition, 2 vols, Sivo. price 32J, 

Bacon's Essays^ with 

Annotations. 

By R. Whately, D.D. 

New Edition, Svo. los. 6d. 

Picture Logic ; an At- 
tempt to Popularise the 
Science of Reasoning by the 
combindtion of Humorous 
Pictures with Examples of 
Reasoning taken from Daily 
Life. 
By A. Swinbourne^ B.A. 

Second Edition ; with Woodcut Illustrations 
from Drawings by the Author, Fcp. 
&/<?. price 5j. 



Elements of Logic. 

By R. Whately, D.D. 

New Edition. Svo. los. 6d, cr, ^00, \5. 6d, 

Elements of Rhetoric. 

By R. Whately, D.D. 

New Edition. ^0. los. 6d. cr. 9t/o. 4J. 6d. 



An Outline of theNeces-^ 

sary Laws of Thought : a 
Treatise on Pure and 
Applied Logic. 

By the Most Rev. W. 
Thomson, D.D. Arch- 
bishop of York. 

Twelfth Thousand. Crown 2fvo. 6s. 

An Introduction to Men- 
tal Philosophy y on the In- 
ductive Method. 

By y. D. Morell, LL.D. 

$Z/0. 12S, 

Philosophy without As-- 

sumptions. 

By the Rev. T. P. Kirk- 
•man, F.R.S. Rector of 
Croft ^ near Warrington. 

Svo. price los, 6d, 

Ueberweg's System of 

Logic^ and History of 
Logical Doctrines. 

Translated^ with Notes and 
Appendices^ by T. M. 
Lindsay y M.A. F.R.S.E. 

%vo. idr. 
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The Senses and 

Intellect. 

By A. Bain^ LL.D. 

Third Edition^ %vo, \^s. 



the 



The Emotions and the 
Will. 

By Alexander Bain, LL.D. 
Professor of Logic in the 
University of Aberdeen. 

Third Edttion, thoroughly revised, and in 
great part re-wfitten, %vo, price 15 J. 

Mental and Moral 

Science; a Compendium of 
Psychology and Ethics. 
By A. Bain^ LL.D. 

Third Edition, Crown S/vo. I or. 6d. Or 
separately: Part I, Mental Science^ dr. 6d?. 
Part IL Moral Scienxe^ 4r. dd. 



On the Influence of 

Aut/iority in Matters of 
Opinion. 

By the late Sir George 
Cornewall Lewis, Bart. 

New Edition f Svo, 145'. 

Hume's Treatise on Hu- 
man Nature. 

Edited, with Notes, &c. by 
T. H. Green^ M.A. and 
the Rev. T. H. Grose, 
M.A. 

2 vols, Svo, 2&r. 

Hume's Essays Moral, 

Political, and Literary. 
By the same Editors. 

2 vols, ^0, 2Ss, 

%* T^e above form a complete and uniform 
Edition of HuME*s Philosophical 
Works, 
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MISCELLANEOUS & 

Miscellaneous and Post- 
humous Works of the late 
Henry Thomas Btcckle. 
EditedyWith a Biographical 
Notice, by Helen Taylor. 

3 vols, Sivo, £2, 1 2 J. 6d, 

Short Studies on Great 

Subjects. 

By y. A. Froude, M.A. 

Cabinet Edition, 2 vols, crown Svo, 12s. 
Library Edition, 2 vols, demy Svo. 24s. 

Manual of English Lite- 

raturey Historical and 

Critical. 

By Thomas Arnold, M.A. 

New Edition, Crown Svo, *js, 6d. 



CRITICAL W^ORKLS. 

Lord Macaulay's Mis^ 

cellaneous Writings. 

Library Edition, 2 vols. Svo. Portreiit^ 2\s, 
People's Edition, i vol. cr, Svo. 4s. 6d. 

Lord Macaulay's Mis- 

cellaneous Writings and 
Speeches. 

Students' Edition. Crotvn Svo. dr. 

Speeches of the Right 

Hon. Lord Macaulay^ cor- 
rected by Himself 

Peoplis Edition, Crown Svo. 3^. 6d. 

The Rev. Sydney Smith's 

Essays contributed to the 
Edinburgh Review. 

Authorised Edition^ complete in One Volume. 
Crown S(vo. 2s, 6d, seztfed, or 3^ . dd. eloth. 
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TAe Wit and Wisdom of 

the Rev. Sydney Smith. 

Crown ^0. 3J. 6<f. 

German Home Life; a 

Series of Essays on the 
Domestic Life of Germany, 

Reprinted^ with Revision and AdditioftSf 
from Eraser's Magazine, i vol. 
crown Svo, [Nearly ready. 

The Miscellaneous 

Works of Thomas Arnold, 
D.D. Late Head Master of 
Rugby School and Regius 
Professor of Modern His- 
tory in the Univ. of Ox- 
ford. 

Svo, ys. 6d, 

Realities of Irish Life. 

By W. Steuart Trench. 

Cr, Svo. 2s. 6d. sewed, or y, 6d. cloth. 

Lectures on the Science 

of Language. 
By F. Max Mutter , M.A. 
&c. 

Eighth Edition, 2 vols, crown Snfo, i6s. 

Chips from a German 

Workshop; being Essays 
on the Science of Religion, 
and on Mythology , Tradi- 
tionSy and Customs. 
By F. Max Muller, M.A. 

4 vols, Svo, jQ2, iSs, 

Southey's Doctor, com-- 

plete in One Volume. 
Edited by Rev. y. W. 
Warter, B.D. 

Square crown Svo, I2s, 6d. 



Lectures delivered in 

AmeHca in 1874. 

By Charles Kingsley^ late 
Rector of E vers ley. 

Crown Svo. ^s. 

Families of Speech. 

Four Lectures delivered at 
the Royal Institution. 
By F. W. Farrar, D.D. 

New Edition, Crown Svo, 3^. 6d, 

Chapters on Language. 

By F. W. Farrar, D.D. 

New Edition, Crown Svo, $s, 

A Budget of Paradoxes. 

By Augustus De Morgan. 

Reprinted^ with Author^s Additions^ from 
the Athenaeum. Svo, \^s. 

Apparitions ; a Narra- 

tive of Facts. 

By the Rev. B. W. Savile, 
M.A. Author of ' The 
Truth of the Bible ' &c. 

Croiun Svo, price 4? . dd. 

The Oration of Demos- 
thenes on the Crown. 
Translated by the Right 
Hon. Sir R. P. Collier. 

Crown Svo, ^s. 

Miscellaneous Writings 

of yohn Conington, M.A. 

Edited by y. A. Symonds, 
M.A. With a Memoir 
by H. 7. S. Smith, M.A. 

2 vols, Svo, 2Ss. 
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Recreations of a Country 

Parson. 

By A. K. H. B. 

Two Series, y, 6d. each. 

Landscapes, Churches^ 

and Moralities. 
By A. K. H. B. 

Crown Svo. y. 6d, 

Seaside Musings on Sun-- 

days and Weekdays. 
By A. K. H. B. 

Crown ^o, y, 6d. 

Changed A spects of Un-- 

changed Truths. 
By A. K. H. B. 

Crown Svo, 3^. 6d. 

Counsel and Comfort 

from a City Pulpit. 
By A. K. H. B. 

Crown Sfiuo, y, 6d. 

Lessons of Middle Age. 

By A. K. H. B. 

Crown Svo, ^s, 6d. 

Leisure Hours in Town. 

By A. K. H. B. 

Crown Sfvo, 3J, (yd. 



The Autumn Holidays 

of a Country Parson. 
By A. K. H. B. 

Crown Svo. 3^. 6d, 

Sunday Afternoons at 

the Parish Church of a 
Scottish University Ctty. 

By A. K. H. B. 

Crown Svo, y. 6d, 

The Commonplace Phi-- 

losopher in Town and 
Country. 

By A. K. H. B. 

Crown Svo, y. 6d. 

Present'Day Thoughts. 

By A. K. H. B. 

Crown Svo, y, 6d, 

Critical Essays 

Country Parson. 
By A. K. H. B. 

Crown Sfvo, 3J. dd. 



of a 



The Graver Thoughts of 

a Country Parson. 
By A. K. H. B. 



Three Series^ y. dd. each. 
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DICTIONARIES and OTHER 

REFERENCE. 



BOOKS of 



^ Dictionary of the 

English LangTiage. 

By R. G. Latham, M.A. 
M.D. Founded on the 
Dictionary of Dr. S. 
yohnson, as edited by 
the Rev. H. J. Todd, 
with numerous Emenda- 
tions and Additions. 

4 vols, 4/0. £*/, 

Thesaurus of English 

Words and Phrases, classi- 
fied and arranged so as to 
facilitate the expression of 

Ideas, and assist in Literary 

Composition. 

By P. M. Roget, M.D. 

Crown Svo. los, 6d. 

English Synonymes. 

ByE.y. Whately. Edited 
by Archbishop Whately. 

Fifth Edition, Fcp, %fvo, 3^. 

Handbook of the English 

Language. For the use of 
Students of the Universities 
and the Higher Classes in 
Schools. 

By R. G. Latham, M.A. 
M.D. &c. late Fellow of 
King's College, Cam- 
bridge; late Professor of 
English in Univ. Coll. 
Lond. 

TIu Ninth Edition. Crown St/o. 6s, 



A Practical Dictionary 

of the French and English 
Languages. 

By Lion Contanseau, many 
years French Examiner 
for Military and Civil 
Appointments, &c. 

Post Svo. Js, td, 

Contanseau' s Pocket Dic- 
tionary, French and Eng- 
lish, abridged from the 
Practical Dictionary, by 
the Author. 

Square iZmo, y. 6d, 

A New Pocket Dic- 
tionary of the German and 
English Languages. 

By F. W. Longman, Bal- 
liol College, Oxford. 
Founded on Blackley and 
Friedldnder^ s Practical 
Dictionary of the Ger- 
man and English Lan- 
guages. 

Square iSmo, price ^s. 

A Dictionary of Roman 

and Greek Antiquities. 
With 2,ocx) Woodcuts 
from Ancient Originals, 
illustrative of the Arts 
and Life of the Greeks and 
Romans. 

By Anthony Rich, B.A. 

Third Edition, Crown Sw, *]s, 6d. 
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New Practical Diction- 

ary of the German Lan- 
guage ; German - English 
and English-German. 
By Rev. W. L. Blackley, 

M.A. and Dr. C. M. 

Friedlander. 

Post %vo. 'js. 6d, 

The Mastery of Lan- 

gtcages ; or, the Art of 

Speaking Foreign Tongues 

Idiomatically. 

By Thomas Prendergast. 

Second Edition, %vo, 6s. 

A Greek-English Lexi-- 

con. 

By H. G. Liddell, D.D. 
Dean of Christchurch, 
and R. Scott, D.D. 
Dean of Rochester. 

Sixth Edition, Crown 4/^. 36.f, 

A Lexicon, Greek and 

English, abridged for 
Schools from Liddell and 
Scott's Greek - English 
Lexicon. 

Fourteenth Edition, Square i2mo. *js, 6d, 

An English-Greek Lexi-- 

con, containing all the Greek 
Words used by Writers of 
good authority. 
By C. D. Yonge, M.A. 

New Edition, 4/^. 2\s, 

Mr. C. D. Yonge' s New 

Lexicon, English and 
Greek, abridged from his 
larger Lexicon. 

Square l2mo, Ss, 6d, 



A Latin-English Die- 

tionary. 

By John T. White, D.D. 
Oxon. and y. E. Riddle, 
M.A. Oxon. 

Fifth Edition^ revised, i vol, \to, 2%s. 



White's College Latin- 
English Dictionary ; 
abridged from tlie Parent 
Work for the use of Uni- 
versity Students. 

Third Edition, Medium %vo, 15J. 

A Latin --English Die- 

tionary adapted for the use 
of Middle-Class Schools^ 

By John T. White, D.D. 
Oxon. 

Square fcp, %vo. Jj. 

White' syunior Studenf s 

Complete Latin - English 
and English-Latin Dic- 
tionary. 

Square i2mo, I2s, 

M'CullocKs Dictionary^ 

Practicaly Theoretical, and 
Historical, of Commerce 
and Commercial Namga- 
tion. 

Edited by H. G. Reid. 

Svo. 63^. 
Supplement, price ^s. 
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A General Dictionary 

of Geography, Descriptive, 
Physical, Statistical, and 
Historical; forming a com- 
plete Gazetteer of the World. 

By A. Keith Johnston. 

New Edition^ thoroughly revised, 

[In the press. 

The Public Schools Ma- 
nual of Modem Geography. 
Forming a Companion to 
' The Public Schools Atlas 
of Modern Geography^ 

By Rev. G. Butler, M.A. 

[In the press. 



The Public Schools A tlas 

of Modern Geography. In 
3 i Maps, exhibiting clearly 
the more important Physi- 
cal Features of the Cotm- 
tries delineated 
Edited, with Introduction, 
by Rev, G. Butler, M.A. 

Imperial Svo, price ^s, cloth ; or in imperial 
4/t?. 3J'. (ii. sewed «Sr» 5^. cloth. 

The Public Schools Atlas 

of Ancient Geography. 

Edited, with an Introduc- 
tion on the Study of An- 
cient Geography, by the 
Rev. G. Butler, M.A. 

Imperial Quarto. [In the press. 



ASTRONOMY and METEOROLOGY. 



The Universe and the 

Coming Transits ; Re- 
searches into and New 
Views respecting tJu Con- 
stitution of the Heavens. 
By R. A. Proctor, B.A. 

With 22 Charts and 22 Diagrams, %vo, I dr. 

Saturn and its System. 

By R. A. Proctor, B.A. 

%vo, with 14 Plates, I4r. 

The Transits of Venus ; 

A Popular Account of Past 
and Coming Transits, from 
the first observed by Hor- 
rocks A,D, 1639 to the 
Transit of A,D, 2012. 

By R. A. Proctor, B.A. 

Second Edition^ revised and enlarged, with 
20 PlcUes (12 Coloured) and 2*j Wood- 
cuts, Crown Svo, Ss, 6d, 

A3 



Essays on Astronomy. 

A Series of Papers on 

Planets and Meteors, the 

Sun and Sun-surrounding 

Space, Stars and Star 

Cloudlets. 

By R. A. Proctor, B.A. 

With \o Plates and 2^ Woodcuts, ^o, I2Jc 

The Moon ; her Motions, 

Aspect, Scenery, and Phy- 
sical Condition. 
By R. A. Proctor, B.A. 

With Plates, Charts ^ Woodatts, and Lunar 
Photographs. Crown ^vo. 15J. 

The Sun ; Ruler, Light, 

Fire, and Life of tJie Pla- 
netary System. 
By R. A. Proctor, B.A. 

Second Edition, Plates and Woodcuts. Cr, 
Bfvo. 14s, 
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The Orbs Around Us; a 

Series of Familiar Essays 

on the Moon and Planets, 

Meteors aftd Comets, the 

Sun and Coloured Pairs of 

Suns. 

By R. A. Proctor, B.A. 

Second EdUiofty with Chart and ^Diagraftis, 
Crown Svo. *js, 6d. 

Other Worlds than Ours; 

The Plurality of Worlds 
Studied under the Light 
of Recent Scientific Re- 
searches. 
By R. A. Proctor, B.A. 

Third Edition^ with 14 Illustrations, Cr. 
Svo. lOr. 6d. 

Brinkley's Astronomy. 

Revised and partly re-writ- 
ten, with Additional Chap- 
ters, and an Appendix of 
Questions for Examination. 

By John W. Stubbs, D.D. 
a7td F. Brunnow, Ph.D. 

With 49 Diagrams. Crown Svo, 6s. 

Outlines of Astronomy. 

By Sir y. F. W. Herschel, 
Bart. M.A. 

Latest Edition^ with Plates and Diagrams. 
Square crown Svo. 12s. 

The Moon, and the Con-- 

dition and Configurations 

of its Surface. 

By Edmund Neison^ Fellow 
of the Royal Astrono- 
mical Society &c. 

Illustrated h Map and Plates. 

[Nearly ready. 



Celestial Objects /or Com- 
mon Telescopes. 

By T. W. Webb, M.A. 
F.R.A.S. 

New Editunty with Map of the Afaon and 
Woodcuts. Crown %evo, 'js. 6d. 

'By universal consent of observers in this 
country, Mr. Wbbb's Celestial Objects has taken 
the place of a standard text-book. With a book so 
well known and so highly appreciated, we have 
little more to do than to mention the appearance 
of a new edition, which we know has been wanted for 
some time, and which those who survey the glories 
of the heavens wiU be anxious to obtain.' 

The Student. 



A New Star Atlas, for 

t/ie Library y the School^ and 
the Observatory y in 1 2 Cir- 
cular Maps {tvith 2 Index 
Plates). 

By R. A. Proctor, B.A. 

Crown $vo. ^. 



LargerStar Atlas, for the 

Library y in Twelve Cir- 
cular MapSy photolithO' 
graphed by A. Brothers^ 
F.R.A.S. With 2 Index 
Plates and a Letterpress 
Introduction. 

By R. A. Proctor, BA. 

Second Edition. Small folio ^ 35J. 

Dove's Law of Storms, 

considered in connexion with 
the ordinary Movements of 
the Atmosphere. 

Translated by R. H. Scott, 
M.A. 

Svo. los, 6d. 
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Air and Rain ; the Be-- 

ginnings of a Chemical 
Climatology. 

By R. A. Smith, F.R.S. 

Svo. 241. 

Air and its Relations to 

Life, 1774-1874; a Course 
of Lectures delivered at the 
Royal Institution of Great 
Britaifi in 1874, with some 
Additions. 

By Walter Noel Hartley, 
F.CS. Demonstrator of 
Chemistry at King 's 
College, London. 

Small Svo, with Illtistrations, 6s, » 



Nautical Surveying, an 

Introduction to the Practi- 
cal and Theoretical Study 
of 
By y. K. Laughton, M.A. 

Small ^0, 6s, 

Schellen' s Spectrum A na- 

lysis, in its Application to 
Terrestrial Substances and 
the Physical Co7istitution of 
the Heavenly Bodies. 

Translated by yane and 
C. Lassell ; edited, with 
Notes, by W. Huggins, 
LL.D. F.R.S. 

WUh 13 Plates and 222 Woodaas. Svo, 2&f- 



NATURAL HISTORY and PHYSICAL 

SCIENCE. 



Professor Helmholtz' 

Popular Lectures on Scien- 
tific Subjects. 

Translated by E. Atkinson, 
F.CS. 

With many Illustrative Wood Engramngs. 
^z/o, 12s. 6d. 



Ganofs Natural Philo- 
sophy for General Readers 
and Young Persons; a 
Course of Physics divested 
of Mathematical Formulce 
and expressed in the lan- 
guage of daily life. 

Translated by E. Atkinson^ 
F.CS. 

Second Edition^ with 2 Plates and 429 
Woodcuts, Crown $z/o. *js. 6d, 



The Correlation of Phy- 
sical Forces. 

By the Hon. Sir W. R. 
Grove, F.R.S. &c. 

Sixth Edition^ with other Contributions to 
Science. Svo. i$s, 

JVeinholcts Introduction 

to Experifuental PhysicSy 
Theoretical and Practical ; 
including Directions for 
Constructing Physical Ap- 
paratus and for Making 
Experiments. 

Translated by B. Loewy, 
F.R.A.S. With a Pre- 
face by G. C Foster, 
F.R.S. 

With 3 Coloured Plates and 404 Woodcuts. 
^0, price 3 1 J. 6d, 
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Gaitofs Elementary 

Treatise on Physics^ Ex- 
perimental and Applied^ 
for the 7ise of Colleges and 

ScJiools. 

Translated and edited by E. 
Atkinson, P.C.S. 

Seventh Edition, with 4 Coloured Plates cr» 
758 Woodcuts, Post Svo, 15J, 

*^^* Problems and Examples in Physics, 
an Appendix to the Seventh and other 
Editions of Ganofs Elementary Trea- 
tise. Svo. price is. 



Text-Books of Science, 

Mechanical and Physical, 
adapted for the use of Arti- 
sans and of Students in 
Public and Science Schools. 

Small Sz'o. Woodcuts. 

The following Text-Books 
in this Series may now be 
had : — 

Anderson*s Strength of Materials^ y. dd, 

Annstrong*s Organic C/iemistry, y. 6d. 

Barry's Railway Appliances^ 3J. 6^. 

Bloxam's Metals^ y. 6d, 

Goodeve's Mechanics, 3^. 6d. 

— ^— Mechanism, 3J. 6d. 

Griffin's Algebra <Sr» Trigonometry, y. dd. 

Notes on tJie same, with Solutions, y, 6d, 

Jenkin's Electricity <Sr» Magnetism, y. 6d. 

Maxwell's Theory of Heat, y. 6d. 

Merrifield's Technical Arithmetic, y. 6d, 
Key, y. 6d. 

Miller's Inorganic Chemistry, y. 6d. 

Preece and Sivewright's Telegraphy, y. 6d. 

Shelley's Workshop Appliances, y. 6d. 

Thorpe's Quantitative Analysis, 4J. 6d. 

Thorpe attd Muir's Qualitative Analysis^ 
y, 6d. 

Watson's Plane <Sr» Solid Geometry, y, 6d, 

*^* Other Text-Books, in extension of this 
Series, in active preparation. 



Principles of Animal 

Mecfianics. 

By tfie Rev. S. Hatighton, 
F.R.S. 

Second Edition, Svo. 21s, 

Fragments of Science. 

By John Tyndall, F.R.S. 

New Edition, crown Svo. los*. 6d. 

Heat a Mode of Motion. 

By John Tyndall, F.R.S. 

Fifth Edition, Plate and Woodcuts. 
Crmun Svo. lOf. dd. 

Sound. 

By John Tyndall, F.R.S. 

Third Edition, iiuluding Recent Researches 
on Fog-Signalling; Portrait and fVood- 
cuts. Crown Svo. los. 6d. 

Researches on Dia^nag- 

netism and Magne-Crystal' 
lie Acti(yn; incltiding' Dia- 
magnetic Polarity. 
By John Tyndall, F.R.S. 

With 6 Plates and many Woodcuts. Svo. 14J. 

Contributions to Mole- 

cular Physics in the do- 
main of Radiant Heat. 
By John Tyndall, F.R.S. 

With 2 Plates and '^1 Woodcuts. Svo. i6j. 

Six Lectures on Lights 

delivered in Am^erica in 

1872 and 1873. 

By John Tyndall, F.R.S. 

Second Edition^ with Portrait^ Plate^ and 
59 Diagrams. Crown Szfo. ys. 6d. 
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Notes of a Course of Nine 

Lectures on Light, delivered 
at the Royal Institution. 
By yohn Tyndall, F,R.S. 

Crown Sz/o. is, sewed, or is, 6d, cloth. 

Notes of a Course of 

Seven Lectures on Electri- 
cal Phenomena and Theo- 
ries, delivered at the Royal 
Institution. 
By John Tyndall, F.R.S. 

Crown St/o. is, sewed, or is, 6d, cloth, 

A Treatise on Magnet-- 

ism. General and Terres- 
trial, 
By H. Lloyd, D.D. D.C.L. 

%vo, price lOs, 6d, 

Elementary Treatise on 

the Wave- Theory of Light. 
By H. Lloyd, D.D. D.C.L. 

Third Edition, ^o, los, 6d, 

The Comparative Ana-- 

tomy and Physiology of the 

Vertebrate Animals. 

By Richard Owen, F.R.S. 

fVith 1,472 Woodcuts, ^vols. Svo, £2. iy.6d. 

Sir H. Holland^ s Frag- 
mentary Papers on Science 
and other subjects. 
Edited by the Rev. J. Hol- 
land. 

■ ^o, price 14J. 

Kirby and Spence's In-- 

troduction to Entomology, 
or Elements of the Natural 
History of Insects. 

Crown ^0, 5j. 






Light Science for Lei- 
sure Hours ; Familiar Es- 
says on Scientific Subjects^ 
Natural Phenomena, &c. 

By R. A. Proctor, B.A. 

First and Second Scries, 2 vols, crown Svo, 
ys, 6d, each. 

Homes without Hands ; 

a Description of the Habi- 
tations of Animals, classed 
according to their Principle 
of Construction. 

By Rev. J. G. Wood, M.A. 

With about 140 Vignettes on Wood, Svo, 14s, 

Strange Dwellings ; aDe- 

scription of the Habitations 
ofAnimalSy abridged from 
' Homes without Hands^ 

By Rev. J. G. Wood, M.A. 

With Frontispiece and 60 Woodcuts, Crown 
Svo, *js. 6d, 

Insects at Home; aPopUr- 

lar Account of British 
Insects, their Structure 
Habits, and Transforma- 
tions. 
By Rev. J. G. Wood,M.A. 

With upwards of *iQO Woodcuts, $vo. 2is, 

Insects Abroad ; being a 

Popular Account of Foreign 
Insects, their Structure, Ha- 
bits, and Transformations. 

By Rev. J. G. Wood, M.A. 

With upwards of IQO Woodcuts, %eyo, 21 f 



22 



NEW WORKS PUBusHED BY. LONGMANS & CO. 



Out of Doors ; a Selec- 

turn of Original Articles 
on Practical Natural His- 
tory. 
By Rev. J. G. Wood, M.A. 

With 6 niustroHons from Original Designs 
engraved on Wood, Crown ^o, ^s. 6d, 

Bible Animals ; a De- 
scription of every Living 
Creature mentioned in the 
Scriptures, from the Ape 
to the Coral. 
By Rev. J. G. Wood,M.A. 

With about H2 Vignettes on Wood, Svo. 14s, 

The Polar IVorld : a 

Popular Description of 
Man and Nature in the 
Arctic and Antarctic Re- 
gions of the Globe. 
By Dr. G. Hartwig. 

With Chromoxylographs, Maps, and Wood- 
cuts, Svo, los, 6d. 

The Sea and its Living 

Wonders. 

By Dr. G. Hartwig. 

Fourth Edition, enlarged. Svo. with many 
Illustrations y loj. (>d. 

The Tropical IVorld. 

By Dr. G. Hartwig. 

With about 200 Illustrations, Svo. los, 6d, 

The Subterranean World. 

By Dr. G. Hartwig. 

V<ith Maps and Woodcuts, Svo, \os, 6d. 

The Aerial World; a 

Popular Account of the 
Phenomena afid Life of 
the Atmosphere. 
By Dr. George Hartwig. 

With Map, 8 CHromoxylographs, and 60 
Woodcuts, Svo. price 21s. 



Game Preservers and 

Bird Preservers, or * Which 

are our Friends ? * 

By George Francis Jkforant, 
late Captain 1 2th Royal 
Lancers & Major Cape 
Mounted Riflemen. 

Crown Svo, price ^s, 

A Familiar History of 

Birds. 

By E. Stanley, D.D. late 
Ld. Bishop of Norwich. 

Fcp, Svo, with Woodcuts, ys. 6d. 

Rocks Classified and De- 
scribed. 

By B. Von Cotta. 

English Edition, by P. H. Lawrence {^h 
English, German, and French Syno- 
nymes), revised by the Author, Past 
Svo, 14s. 

Excavations at the Kess- 

lerloch near Thayngefiy 

Switzerland, a Cave of the 

Reindeer Period. 

By Conrad Merk. T^rans- 
lated by John Edward 
Lee, F.S.A. F.G.S. Au- 
thor of ^Isca Silurum* 
&c. 

With Sixteen Plates, Royal ^o. fs. 6d. 

The Origin of Civilisa- 
tion, and the Primitive 
Condition of Man; Men- 
tal and Social Condition of 
Savages. 

By Sir y. Lubbock, Bart. 
M.P. F.R.S. 

Third Edition, with 25 Woodcuts, %vo, i&r. 
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The Native Races of the 

Pacific States of North 

America. 

By Hubert Howe Bancroft. 

Vol, /. Wild Tribes, their Manners 
and Customs ; with 6 Maps, %vo. 25 j. 

Vol, II. Native Races of the Pacific 
SUUes, %vo. 25^. 

Vol, III, Myths and Languages, Sz/o, 
price 25^. 

Vol, IV, Antiquities and Architectural 
Remains, with Map, %vo, 25^. 

Vol, V, Aboriginal History and Migra- 
tions ; Index to the Entire Work, With 
2 Maps, ^0, 25J. 

%* This work may now be had complete in 
5 volumes, price £6, $s. 

The Ancient Stone Int" 

plementSy Weapons, and Or- 
naments of Great Britain. 
By John Evans, F.R.S. 

With 2 PlcUes and 476 Woodcuts, ^0, 2Ss, 

The Elements of Botany 

for Families and Schools. 

Eleventh Edition, revised 

by Thomas Moore,F.L.S, 

Fcp, Sz/o. with 154 Woodcuts, 2s, 6d, 

The Rose Amateur's 

Guide. 

By Thomas Rivers. 

Tenth Edition, Fcp, Svo, 4J. 

On the Sensations of 

Tone, as a Physiological 

Basis for the Theory of 

Music, 

By H. Helmholtz, Pro- 
fessor of Physiology in 
the University of Berlin. 

Translated by A. J. Ellis y 
F.R.S. 

Svo. 36X. 



A Dictionary of Science^ 

Literature, and Art. 

Re-edited by the late W. T. 
Brandef the Author )and 
Rev. G. W. Cox, M.A. 

NewEdition^revised, 3 vols,medium^o,(iy. 

The History of Modern 

Music, a Course of Lec- 
tures delivered at the Royal 
Institution of Great Bri- 
tain. 

By John Hullah. 

New Edition, Demy Svo. Ss, 6d, 

The Transition Period 

of Musical History; a 
Secojzd Course of Lectures 
on the History of Music 
from the Beginning of the 
Seventeenth to the Middle 
of the Eighteenth Century, 
delivered at the Royal In- 
stitution. 

By yohn Hullah, 

New Edition^ I vol. demy ^o, 

\In the Spring, 

The Treasury of Botany, 

or Popular Dictionary of 
the Vegetable Kingdom ; 
with which is incorporated 
a Glossary of Botanical 
Tefms. 

Edited by y. Lindley, 
F.R.S. and T. Moore, 
F.L.S. 

WUh 274 Woodcuts and 20 Steel PlaUs. 
Thfo Parts, fcp. ^0. 12s. 
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A General System of 

Descriptive and Analytical 
Botany. 

Translated from theFrench 
of Le Maout and De- 
caisne, by Mrs. Hooker. 
Edited and arranged 
according to the English 
Botanical System, by y. 
D. Hooker, M.D. &c. 
Director of the Royal 
Botanic Gardens, Kew. 

With 5, 500 Woodcuts, Imperial %vo, 31 j. dd. 



Loudon's Encyclopaedia 

of Plants ; comprising the 
Specific Character, Descrip- 
tion, Culture, History, &c. 
of all the Plants found in 
Great Britain. 

With upwards ofi2,oooWoodcuis, %vo. 42s. 



Handbook of Hardy 

Trees, Shrubs, and Her- 
baceous Plants; containing 
Descriptions &c. of the 
Best Species in Cultivation; 
with Cultural Details, 
Comparative Hardiness, 
suitability for particular 
positions, &c. Based on 
the French Work of De- 
caisne and Nauditty and 
including the 720 Original 
Woodcut Illustrations. ' 
By W. B. Hemsley. 

Medium Svo. 2is. 

Forest Trees and Wood- 

land Scenery, as described 

in Ancient and Modern 

Poets. 

By William Menzies, De- 
puty Surveyor of Wind- 
sor Forest and Parks, &c. 

With Twenty Chromolithographic Plates. 
Folio, price £1, 5J. 



CHEMISTRY and PHYSIOLOGY. 



■^ 



Miller's Elements of 

Chemistry, Theoretical and 
Practical. 

Re-edited, with Additions, 
by H. Macleod, KC.S. 

3 vols. Svo. 

Part I. Chemical Physics, isj. 
Part II. Inorganic Chemistry, 21s. 
Part III. Organic Chemistry, Mew 
Edition in the press. 



Health in the House, 

Twenty-five Lectures on 
Elementary Physiology in 
its Application to the Daily 
Wants of Man and Ani- 
mats. 

By Mrs. C. M. Buckton. 

New Edition, Crown &vo. WoodaUs, 2s, 
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Outlines of Physiology, 

Human and Comparative. 

By y. Marshall, F.R.C.S. 
Surgeon to the Univer- 
sity College Hospital. 

2 vols, cr. Sz/o, wit A 122 Woodcuts, 32X. 

Select Methods in Chemi- 
cal Analysis, chiefly Inor- 
ganic, 
By Wm. Crookes, F.R.S. 

With 22 Woodcuts. Crown Svo, 12s, 6d. 



A Dictionary of Che- 

mistry and the Allied 

Branches of other Sciences. 

By Henry Watts, F.C.S. 

assisted by eminent 

Scientific and Practical 

Chemists. 

6 vols, medium S2/0. £S, 14^. 6d. 

Supplement completing 

the Record of Discovery to 
the year 1873. 

%vo, price 42J. 



The FINE ARTS and ILLUSTRATED 

EDITIONS. 



Poems. 

By William B. Scott. 

7. Ballads and Tales. II, Studies from 
Nature, III. Sonnets ^c. 

Illustrated by Seventeen Etchings by 
L. Alma Tadema and William B. Scott. 
Crown Svo. i$s. 

Half hour Lectures on 

the History and Practice 
of the Fine and Ornamen- 
tal Arts. 
By W. B. Scott. 

Third Edition, with 50 Woodcuts. Crown 
Svo. Ss. 6d. 

A Dictionary of Artists 

of the English School: 
Painters, Sculptors, Archi- 
tects, Engravers, and Orna- 
mentists ; with Notices of 
their Lives and Works. 

By Samuel Redgrave. 

Svo. i6x. 
A4 



In Fairyland ; Pictures 

from the Elf- World. By 
Richard Doyle. With a 
Poem by W. Allingham. 

With 16 coloured Plates, containing 36 De- 
signs. Second Edition, folio, 15J. 

The New Testament, il~ 

lustrated with Wood En- 
gravings after the Early 
Masters, chiefly of the 
Italian School. 

Crown Ajto. 63J. 

Lord Macaulay's Lays 

of Ancient Rome. With 
90 Illustrations on Wood 
from Drawings by G. 
Scharf. 

Fcp. ^0. 2 1 J. 

Miniature Edition, with 

Scharf s 90 Illustrations 
reduced in Lithography. 

Imp. i6mo. lox. 6d. 
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Moore's Irish Melodies, 

Mac Use's Edition^ with 1 6 1 
Steel Plates. 

Super rcyal %vo, 3IJ. 6d. 

Sacred and Legendary 
Art. 

By Mrs. yameson. 

6 vols, square crown ^0. price £$, l$s, 6d. 
as follows: — 

Legends of the Saints 

and Martyrs. 

New Edition^ with 19 Etchings and 187 
Woodcuts, 2 vols, 3 1 J. 6^. 



Legends of the Mofiastic 

Orders. 

New Edition, with 11 Etchings and 88 
JVoodcuts. I vol. 2 1 J. 

Legends of the Madonna. 

New Edition, with 27 Etchings and 165 
JVoodcuts. I vol, 2 IX. 

The History of Our Lord, 

with that of his Types and 
Precursors. 

Completed by Lady East- 
lake. 

Revised Edition^ with 13 Etchings and 281 
Woodcuts, 2 vols, 42s. 



The USEFUL ARTS, MANUFACTURES, Ac. 



I 



Industrial Chemistry ; a 

Mantcal for Manufactu- 
rers and for Colleges or 
Technical Schools. Being a 
Translation of Professors 
Stohmann and Englers 
German Edition of Pay ens 
^ Prdcis de Chimie Indus- 
trie lie, by Dr. y. D. Barry. 
Edited, and supplemented 
with Chapters on the 
Chemistry of the Metals , 
by B. H. Paul, Ph.D. 

%evo, with Plates and Woodcuts. 

[In the press, 

Gwilfs Encyclopcedia of 

Architecture, with above 

1,600 Woodcuts. 

New Edition (1876), with 
Alterations and Addi- 
tions, by Wyatt Pap- 
worth. 

^0, 52J. td. 



The Three Cathedrals 

dedicated to St. Paul in 
London ; their History 
from the Foundation of 
the First Building in the 
Sixth Century to the Pro- 
posals for the Adornment 
of the Present Cathedral. 
By W. Longman, F.S.A. 

With numerous Illustrations, Square crown 
Svo, 2ls, 

Lathes and Turnings 

Simple^ Mechanical^ and 

Ornamental. 

By W. Henry Northcott. 

With 240 Illustrations, ^o, l8r. 

Hints on Household 

Taste in Furniture, Up- 
holstery, and other Details. 
By Charles L. Eastlake, 
Architect. 

New Edition, with about 90 lUustraHons. 
Square crown ^0. 141. 
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Handbook of Practical 

Telegraphy. 

By R. S. Culley, Memb. 
Inst. C.E. Engineer-in- 
Chief of Telegraphs to 
the Post-Office. 

Sixth Edition^ Plates dr* Woodcuts, %evo. I dr. 

A Treatise on the Steam 

Engine^ in its various ap- 
plications to Mines^ Millsy 
Steam Navigation^ Rail- 
ways and Agriculture. 

By y. Bourne^ C.E. 

With Portrait, 37 PlaUs, and 546 Wood- 
cuts, 4/^. 42X. 



Catechism of the Steam 

Engine^ in its various Ap- 
plications. 

By yohn Bourne^ C.E. 

New Edition,with%^ Woodcuts, Fcp.^o,6s, 



Handbook of the Steam 

Engine. 

By y. BournCy C.E. form- 
ing a Key to the Author^ s 
Catechism of the Steam 
Engine. 

With 67 Woodcuts, Fcp, %vo, 9J. 



Recent Improvements in 

the Steam Engine. 
By y. Bourne, C.E. 

With 124 Woodcuts. Fcp. %vo, 6j. 



Encyclopcedia of Civil 

Engineering, Historical^ 
Theoretical, and Practical. 
By E. Cresy, C.E. 

With above 3,000 Woodcuts. ^0. 42/. 

[/re's Dictionary of Arts ^ 

Manufactures, and Mines. 
Seventh Edition, re-written 
and greatly enlarged by 
R. Hunt, F.R.S. assisted 
by numerous Contributors. 

With 2, 100 Woodcuts. 3 vols, medium Svo» 

Practical Treatise on 

Metallurgy, 

Adapted from the last Ger- 
man Edition of Professor 
KerVs Metallurgy by W. 
Crookes, F.R.S. &c. and 
E. Rohrig, Ph.D. 

3 vols, 8z/^. with 625 Woodcuts. £/^ i^. 

Treatise on Mills and 

Millwork. 

By Sir W. Fairbairn, Bt. 

With 18 Plaies and 322 Woodcuts, 2 vols. 
^0, 32J. 

Useful Information for 

Engineers. 

By Sir W. Fairbairn, Bt. 

With many Plates and Woodcuts. 3 vols, 
crown Svo, 3IJ. 6d. 

The Application of Cast 

and Wrought Iron to 

Building Purposes. 

By Sir W. Fairbairn, Bt. 

With 6 Plates and iiS Woodcuts, Svo, i6j. 
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The Theory of Strains 

in Girders and similar 
Structures, with Observa- 
tions on the application of 
Theory to Practice, and 
Tables of the Strength and 
other Properties of Ma- 
terials, 

By BindonB. Stoney, M.A. 
M. Inst. C.E. 

New Edition^ royal ^o. itnth 5 Plates and 
123 Woodcuts, 36 J". 

Practical Handbook of 

Dyeing and Calico-Print- 

ing. 

By W. CrookeSy F.R.S. &c. 

With numerous Illustrations and Specimens 
of Dyed Textile Fabrics. ^0. 42J. 

Occasional Papers on 

Subjects connected with 
Civil Engineering, Gun- 
nery y and Naval Archi- 
tecture. 
By Michael Scott, Memb. 

Inst. C.E. & of Inst. 

N.A. 

2 vols. 857^. with Plates, 42J. 

MitchelVs Mamial of 

Practical Assaying. 

Fourth Edition, revised, 
with the Recent Disco- 
veries incorporated, by 
W. Crookes, F.R.S. 

crown &V0. Woodcuts, 3IJ. 6d, 



Naval Powers and their 

Policy : with Talmlar 
Statements of British and 
Foreign Ironclad Navies; 
giving Dimensions y Arm- 
our, Details of Armament, 
Engines, Speedy and other 
Particulars, 

By John C. Paget. 

Sfvo, price lOf. dd, cloth. 



Loudon's Encyclof)CBdia 

of Gardening ; comprising 
the Theory and Practice of 
Horticulture, Floriculture, 
Arboriculture, and Land- 
scape Gardening. 

With 1,000 Woodcuts. Svo. 2ls. 

Loudon's Encyclof>cBdia 

of Agriculture ; comprising 
the Laying-out, Improve- 
ment, and Management of 
Landed Property, and the 
Cultivation and Economy 
of the Productions of Agri- 
culture. 

With 1,100 Woodcuts. %vo. 2ix. 



Reminiscences of Fen 

and Mere. 

By y. M. Heathcote. 

With 27 Illustrations and 3 Maps, Square 
S^o. price 2.%s, 
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RELIGIOUS and MORAL AVORKS. 



An Exposition of the 39 

Articles, Historical and 
Doctrinal. 

By E. H. BrownCy D.D. 
Bishop of Winchester. 

New Edition, Svo, i6j. 

Historical Lectures on 

the Life of Our Lord Jesus 

Christ. 

By C. J. Ellicott, D.D. 

Fifth Edition, ^o. I2s, 

An Introduction to the 

Theology of the Church of 
England, in an Exposition 
of the 2)9 Articles. By Rev. 
T. P. BoultbeCy LL.D. 

Fcp, %vo, 6s. 

Three Essays on Reli- 
gion : Nature ; the Utility 
of Religion; Theism. 
By John Stuart Mill. 

Second Edition. Svo. price I or. dd. 

Sermons Chiefly on the 

Interpretation of Scrip- 
ture. 

By the late Rev. Thomas 
Arnold, D.D. 

%vo. price *js. 6d. 

Sermons preached in the 

Chapel of Rugby School ; 
with an Address before 
Confirmation. 
By the late Rev. Thomas 
Arnold, D.D. 

Fcp. ^0, pricey. 6d. 



Christian Life, its 

Course^ its Hindrances, 
and its Helps; Sermons 
preached mostly in the 
Chapel of Rugby School. 
By the late Rev. Thomas 
Arnold, D.D. 

Svo, ys. 6d, 

Christian Life, its 

Hopes, its Rears, and its 
Close; Sermons preached 
mostly in the Chapel of 
Rugby School. 
By the late Rev. Thomas 
Arnold, D.D. 

Sz/o. *js. 6d. 

Religion and Science, 

their Relaiions to Each 
Other at the Present 
Day; Three Essays on 
the Grounds of Religious 
Beliefs. 

By Stanley T. Gibson, B.D. 
Rector of Sandon, in 
Essex; and late Fellow 
of Queens College, Cam- 
bridge. 

Svo. price los. 6d, 

Notes on the Earlier 

Hebrew Scriptures. 

By Sir G. B. Airy, K.C.B. 

Svo. price 6j. 

Synonyms of the Old Tes- 
tament, their Bearing on 
Christian Faith and 
Practice. 
By Rev. R. B. Girdlestone. 

Svo. 1 5 J. 
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The Primitive and Ca- 
tholic Faith in Relation to 
the Church of England. 
By the Rev. B. W. Savile^ 
M.A . Rector of Shilling- 
ford, Exeter. 

%fvo, price 'js. 

The Eclipse of Faith ; 

or a Visit to a Religious 

Sceptic. 

By Henry Rogers. 

Latest Edition, Fcp, Svo. 5^. 

Defence of the Eclipse of 

Faith. 

By Henry Rogers. 

Latest Edition. Fcp. %vo. y, 6d. 

A Critical and Gram-- 

matical Commentary on St. 

Paul's Epistles. 

By C. y. Ellicott, D.D. 

%vo. Galatians, %s, 6d, Ephesians, %s. 6d. 
Pastoral Epistles, I ox. 6d, Philippi- 
ans, Colossians, & Philemon, lOr. 6d. 
Thessalonians, ys. 6d. 



The Life and Epistles of 
St. Paul. 

By Rev. W. J. Conybeare, 
M.A. and Very Rev. J. 
S. Howsony D.D. 

Library Edition, ivith all the Original 
Illustrations, Maps, Landscapes on Steel, 
fVoodcutSf S'c, 2 vols. ^0. 42J. 

Intermediate Edition, with a Selection 
of Maps, Plates, and Woodcuts. 2 vols, 
square crown Svo. 2is. 

Student's Edition, revised and condensed, 
with 46 Illustrations and Maps, I vol, 
crown ^0, 9x. 



^n Examination into 

the Doctrine and Practice 
of Confession. 

By the Rev. W. E. J elf 
B.D. 

Svo, price y, 6d. 

Evidence of the Truth 

of the Christian Religion 
derived from the Literal 
Fulfilment of Prophecy. 
By Alexander Keith^ D.D. 

40M Edition, with numerous Plates, 
Sqtmre Svo. I2s, 6d, or in post ^0, 
with 5 PUUes, dr. 

Historical and Critical 

Commentary on the Old 

Testament ; with a New 

Translation. 

By M. M. Kalisch, Ph.D. 

Vol, I, Genesis, %vo. \%s, or adapted for the 
General Reader, I2J. Vol, II, Exodus, 
15J. <7r adapted for the General Reader, 
I2J. Vol. Ill, Leviticus, Part I, ijx. 
or adapted for the General Reader^ fc. 
Vol, IV, Leviticus, Part II. i^s, or 
adapted for the General Reader, %s. 

The History andJLitera- 

ture of the Israelites, ac- 
cording to the Old Tester 
ment and the Apocrypha. 
By C. De Rothschild and 
A. De Rothschild. 

Second Edition, 2 vols, crown^o. 12s, 6d. 
Abridged Edition, in i vol, fcp, ^o, ys. 6d. 

Ew aid's History of 

Israel. 

Translated from the Ger- 
man by y. E. Carpenter^ 
M.A. with Preface by 
R. MartineaUy M.A. 

5 vols. Sivo. 63X. 
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Ewald's Antiquities of 

Israel. 

Translated from the Ger- 
man by Henry Shaen 
Solly, M.A. 

Svff. I2s, 6d, 

The Types of Genesis, 

briefly considered as reveal- 
ing the Development of 
Human Nature, 
By Andrew yukes. 

Third Edition. Crown Svo. *js, 6d. 

The Second Death and 

the Restitution of all 
Things; with some Pre- 
liminary Remarks on the 
Nature and Inspiration of 
Holy Scripture, 
By Andrew yukes. 

Fourth Edition. Croiun S/vo. 3^. 6d, 

History of the Reforma- 
tion in Europe in the tim£ 
of Calvin, 

By the Rev, y, H, Merle 
D*Aubzgn^yD.D, Trans- 
lated by W, L, R. Gates y 
Editor of the Dictionary 
of General Biography. 

6 vols, Svo. price £^. lOs. 

%» Vols. VII. & VIII. compleHng the 
Worky are preparing for publication. 

Commentaries, by the 

Rev, W. A. a Conor, B.A. 
Rector of St, Simon and 
St. yude, Manchester, 

Crown Svo. 

Epistle to the Romans^ price y, 6d, 
Epistle to the Hebrews, 4J. 6d, 
St. John's Gospel, los, 6d. 



Some Questions of the 
Day. 

By Elizabeth M. Sewellj 
Author of ^Amy Her- 
berty 'Reusing Thoughts 
on Religion, &c. 

Crown Sz/o. 2s. 6d, 

An Introduction to the 

Study of the New Testa- 
ment, Critical, Exegetical^ 
and Theological, 

By the Rev. S. Davidson^ 
D,D. LL.D. 

2 vols, Svo, price 30?. 

Thoughts for the Age. 

By Elizabeth M, Sewell, 

New Edition, Fcp, Svo, y, 6d, 

Preparation for the Holy 

Communion ; the Devotions 
chiefly from, the works of 
yeremy Taylor, 

By Elizabeth M. Sewell. 

^2mo, y. 

Bishop yeremy Taylor's 

Entire Works ; with Life 
by Bishop Heber. 

Revised and corrected by 
the Rev. C P. Eden. 

10 vols, £$, 5J'. 

Hymns of Praise and 

Prayer. 

Collected and edited by Rev. 
y. MartineaUf LL.D. 

Crown $vo, 4r. 6d, ^2mo, is, 6d, 
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Spiritual Songs for the 

Sundays and Holidays 
throug/tout the Year. 

ByJ. S. B. Monsell, LL.D. 

^h Thousand, Fcp, %vo, Ss iSmc, 2s. 

Lyra Germanica; Hymns 

translatedfrom the German 
by Miss C. Winkworth. 

Fcp. %vo, 5j. 

Lectures on the Penta- 

tetuh & the Moabite Stone; 
with Appendices. 

By y. W. Colenso, D.D. 
Bishop of Natal. 

%V0, 12S. 



Endeavours after the 

Christian Life; Discourses. 

By Rev. y. MartineaUy 
LL.D. 

Fifth Edition. Crown ^fvo. *is, 6d. 

Supernatural Religion; 

an Inquiry into the Heality 
of Divine Revelation. 

Sixth Edition carefully rnnsed^ with %o pages 
of New Preface, 2 vols. &z/o. 24X. 

The Pentateuch and Book 

of yoshua Critically Ex- 
amined. 

By y. W. Colenso, D.D. 
Bishop of Natal. 

Crown Sz/o, 6s. 
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The Indian Alps, and 

How we Crossed them : 
being a Narrative of Two 
Years' Residence in the 
Eastern Himalayas, and 
Two Months' Tour into the 
Interior, towards Kinchin- 
junga and Mount Everest. 
By a Lady Pioneer. 

With Ultistrations from Original Drawings 
made on the spot by the Authoress, 
Imperial Svo. 4.2s, 

Tyrol and the Tyrolese; 

being an Account of the 
People and the Land, in 
their Social, Sporting, and 
Mountaineering Aspects. 

By W. A . Baillie Grohman. 

With numerous Illustrations from Sketches 
by the Author. Crown Svo, 14s. | 



'The Frosty Caucasus; 

an Account of a Walk 
through Part of the Range, 
and of an Ascent of Elbruz 
i7i tJu Summer of iZ 74. 
By F. C. Grove. 

With Eight Illustrations engraved on Wood 
by E, Whymper^ from Photographs 
taken during the journey, and a Map, 
Crown %vo. price \^s. 

A yourney of\ ,000 Miles 

through Egypt and N'ubia 
to tite Second Cataract of 
the Nile. Being a Personal 
Narrative of Four and a 
Half Months' Life in a 
Dahabeeyah on the Nile. 
By Amelia B. Edwards. 

With numerous Illustrations from Drentfings 
by the Authoress^ Map, Plans^ Fac- 
similes, ^c. Imperial ^0, 

[/« the Autumn. 
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Over the Sea and Far 

Away ; being a Narrative 
of a Ramble rotmd tjie 
World. 

By Thos. Woodbine Hhuh- 
liff, M.A. RR.GS. 
President of the Alpine 
Cluby Author of ^Sum- 
mer Months a77tong the 
Alps; &c. 

I vol. medium Svo, loith numerous Plus- 
trations, \Nearly ready. 

Discoveries at Ephesus. 

Including the Site and Re- 
maifis of the Great Temple 
of Diana. 

By 7. T. Wood, F.S.A. 

I vol. imperial %vo. copiously illustrated. 

[In the press. 

Through Bosnia and the 

Herzegovina on Foot during 
tlie Instirrectiony August 
and September 1875 ; with 
a Glimpse at the Slavonic 
Borderlands of Turkey. 

By Arthur J. Evans^ B.A. 
F.S.A. 

J^ost Svo. ivith Map and numerous Illus- 
trations, \In the press. 

Italian Alps ; Sketches 

in the Mountains ofTicino, 
Lombardy, tlie Trentino^ 
a7id Venetia. 

By Douglas W. Freshfield^ 
Editor of ' The Alpine 
yournal! 

Square crown ^o. Illustrations, i^s. 
▲ 5 



Memorials of the Dis- 
covery and Early Settle- 
ment of the Bermtcdas or 
Somers Islands, from 1 6 1 5 ' 
to 1685. Compiled from 
the Colonial Records and 
other original sources. 

By Major-General J. H. 
Lefroy, R.A. C.B. 
F.R.S. Hon. Member 
New York Historical 
Society, &c. Governor 
of tJte Bermudas. 

Svo. with Map, [In the press. 

Here and There in the 
Alps. 

By the Hon. Frederica 
Plunket. 

With Vignette-title. Post%vo. 6x. td. 

The Valleys of Tirol; 

their Traditions and Cus- 
tomSy and How to Visit 
them. 

By Miss R. H. Busk. 

With Frontispiece and 3 Maps. Crown 
^10, \2s. 6d. 

Two Years in Fiji, a 

Descriptive Narrative of a 
Residence in the Fijian 
Group of Islands; with 
some Account of the For- 
tunes of Foreign Settlers 
and Colonists up to the time 
of British Amiexation. 
By Litton Forbes y M.D. 

Crown Szo» 2s» 6d, 
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Eight Years in Ceylon. 

By Sir Samuel W. Bakery 
M.A. F.R.G.S. 

New Edition^ with Illustrations engraved 
on Wood by G, Pearson, Crown Svo, 
Price 'js, 6d, 

The Rifle and the Hound 

in Ceylon. 

By Sir Samuel W. Baker ^ 
M.A. F.R.G.S. 

# 

New Edition, with Illustrations engraved 
on Wood by G, Pearson, Crown Svo, 
Price 7^. ^d. 

Meeting the Sun ; a 

yourney all round the 
World through Egypt, 
China, yapan, and Cali- 
fornia. 

By William Simpson, 
F.R.G.S. 

With Heliotypes and Woodcuts, Svo, 24s, 

The Dolomite Moun- 
tains. Excursions through 
Tyrol, Carinthia, Carniola, 
and Friuli. 

By y. Gilbert and G. C 
Churchill, F.R.G.S. 

With Illustrations. Sq, cr, Sz/o, 2ls, 

The Alpine Club Map 

of the Chain of Mont 
Blanc, from, an actual Sur- 
vey in 1 863-1 864. 

By , A. Adams-Reilly, 
F.R.G.S. M.A.C 

/// ChromoHthognaphy^ on extra stout draw- 
ing paper I Of. or mounted on canvcts 
in a folding case, \2s, 6d, 



The Alpine Club Map 

of the Valpelline, the Val 
Tournanclie, and the South- 
ern Valleys of the Chain of 
Monte Rosa, frotn a^ttial 
Survey. 

By A. Adams-Reilly^ 
F.R.G.S. M.A.C. 

Price 6s. on extra Stout Drawing Paper, or 
*js, 6d. mounted in a Folding Case. 

Untrodden Peaks and 

Unfrequented Valleys; a 
Midsummer Ramble among 
the Dolomites. 

By Amelia B. Edwards. 

With numerous Illustrations, Svo, 21s, 

The Alpine Club Map 

of Switzerland^ with parts 
of the NeighbouHng Coun- 
tries, on the scale of Four 
Miles to an Inch. 

Edited by R. C. IsTichols, 
F.S.A. F.R.G.S. 

In Four Sheets^ in Portfolio^ frice 42^. 
coloured^ or 34^. uncoloured. 

The Alpine Guide. 

By John Ball, M.R.I.A. 
late President of the 
Alpine Club. 

Post Sizfo. with Maps atui other Jllusirations, 

Eastern Alps. 

Price los, 6d. 

Central Alps ^ including 

all tJu Oberland District. 

Price Js, 6d, 
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West em Alps^ including 

Mont Blanc, Monte Rosa, 
Zermatt, &c. 

Price dr. 6d, 

Introduction on Alpine 

Travelling in general, and 
on the Geology of the Alps. 

Price IS. Either of theThreeVolumes or Parts 
of the ^Alpine Guide* may bt hcutwith 
this Introduction prefixed^ is. extra. 
The * Alpine Guide ' may also be had 
in Ten separate Parts, or districts, price 
2s. ,6d, each. 



Guide to the Pyrenees^ for 

the use of Mount ai7ieers. 
By Charles Packe. 

Second Edition, with Maps &*c. and Ap" 
pendix. Crown Sz/o. js. 6d, 

How to See Norway; 

embodying the Experience 
of Six Summer Tours in 
that Country. 

By y. R. Campbell. 

With Map and 5 Woodcuts^ fcp. Svo, $s. 



Higgledy-Piggledy ; or, 

Stories for Everybody and 
Everybody's Children. 

By the Right Hon. E. H. 
Knatchbtdl - Hugessen, 
M.P. Author of ' Whis- 
pers front Fairyland^ 
&c. 

With 9 Illttstrations from Original Designs 
by R. Doyle, engraved on Wood by 
G, Pearson. Crown Svo. price 6s. 

JVhispers from Fairy- 
land. 

By the Rt. Hon. E. H. 

Knatchbull - Hugessen, 
M.P. Author of ' Hig- 
gledy-Piggledy' &c. 

With 9 Illustrations from Original De* 
signs engraved on Wood by G. Pear' 
son. Crowtt Svo, price 6s, 

* A series of stories which are certain of a ready 
welcome by all boys and girls who take delight in 
dreamland, and love to linger over the pranks and 
frolics of fairies. The book b dedicated to the 
mothers of England, and more wholesome food for 
the growing mind it would be unreasonable to desire, 

and impossible to procure This welcome 

volume abounds in vivacity and fun, and bears 

{>leasant testimony to a kindly-hearted Author with 
ancy, feeling, and humour.' Morning Post. 



W^ORKS of FICTION. 

The Folk-Lore of Rome, 

collected by Word of Mouth 
from the People. 

By Miss R. H. Busk. 

Crown ^0, I2s, 6d. 



Becker's Gallus; or Ro- 

man Scenes of the Time of 
Augustus. 

PostZvo, *js, 6d. 

Becker's Charicles : 11- 

lustrative of Private Life 
of the Ancient Greeks. 

Post &1/0. p, 6d. 

Novels and Tales. 

By the Right Hon. Be^tja- 
min Disraeli^ M.P. 

Cabinet Editions, complete in Ten Volumes^ 
crown Svo, 6s, each, as/ollows : — 



Lothair, 6s. 
Coningsby, 6s. 
Sybil, 6s. 
Tancredf 6s, 



Venetia, 6s, 
Alroy^Ixion, &'c. 6s. 
Young Duke, &*c, 6s. 
Vivian Grey, 6s. 



Henrietta Temple, 6s; 
Contarini Fleming, ^c. 6s. 
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The Modem Novelist's 

Library. 

AiJierstone Prioiy^ 2s. boards ; 2J. 6</. cloth. 
Mile. Mori, 2s. boards ; 2s, 6d. cloth. 
The Burgomaster 5 Family, 2s, and 2s. 6d, 
Melville's Digby Grand, 2s. and 2s, 6d. 

Gladiators, 2s. and 2s.6d, 

— — — Good for Nothing,2s. ^2s. 6d, 

■ Holmby House, 2s. and 2s. 6d, 

— — ^— Interpreter, 2s, and 2s. 6d, 

—^ Kate Coventry, 2s, atul 2s. 6d. 

Queens Maries, 2s, and 2s. 6d, 

General Bounce, zs, and2s, 6d, 

Trollope's Warden, u. (id. and 2s. 

Barchester Towers, 2s. &^2s.6d. 

Bramley-Moore's Six Sisters of the Val- 
leys, 2s. boards ; 2s. 6d. cloth. 
Elsa : a Tale of the Tyrolean Alps. Trans- 
lated from the Gervian of Mvic. Von 
Hillem by Lady Wallace. Price 2s, 
boards; 2s. 6d. cloth. 



Tales of Ancient Greece. 

By the Rev. G. TV. Cox, 
M.A. 

Crffivn %vo. 6s, 6d, 

Stories and Tales. 

By Elizabeth M. SewelL 
Cabinet Edition, in Ten 
Volumes : — 



Amy Herbert, 2s. 6d. 
Gertrude, 2s. 6d. 
EarVs Daughter^ 

25. 6d. 
Experience of Life, 

2s. 6a. 
Cleve Hallf 2s. 6d. 



Ursula, 3J. 6d. 



Ivors, 2s. 6d, 
Katharine Ashton, 

2s, 6d, 
Margaret Percrval, 

3J. 6d, 
Laneton Parsonage^ 

3^. 6di 



POETRY and THE DRAMA. 



Ballads and Lyrics of 

Old France; with other 

Poems. 

By A. Lang, M.A. 

Square fcp. Svo. ^s. 

The London Series of 

French Classics. 

Edited by Ch. Cassaly 
LL.D. T. Karchery 
LL.B. and L^once Sti- 
£venard. 

The folloiuing Plays, in the Division of 
the Drama in this Series, are now ready : — 
Corneille's Le Cid, is. 6d. 
\0LT aire's. Zaire, is. 6d. 
Lamartine*s Toussaint LotevertiirCy double 
volume, 2s. 6d, 

Miltofis Lycidas and 

Epitaphium Damonis. 
. Editedy with Notes and 
Introductiony by C. S. 
yerranty M.A. 

Crown %fvo, 25, 6d, 



Lays of Ancient Rome; 

with Ivry and the Ar- 
mada. 

By the Right Hon. Lord 
Macaulay. 

i6mo, 3J. 6d, 

Lord Macaulay s Lays 

of Ancient Rome. With 
90 Illustrations on Wood 
from Drawings by G. 
Scharf. 

Fcp, 4/^. 21S. 



Miniature Edition of 

Lord Macaulay's Lays 
of Ancient Rome, with 
Scharf s 90 Illustrations 
reduced in Lithography. 

Imp. i6mo, lOf. 6d. 
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H or atii Opera ^ Library 

Edition, with English 
Notes, Marginal References 
and various Readings. 
Edited by Rev. J. E. Yonge, 
M.A. 

Svo. 2 1 J, 

Sout key's Poetical Works 

with the Author's last Cor- 
rections and Additions. 

Medium Svo. with Portrait^ 14J. 

Bowdler's Family Shak- 

speare^ cheaper Genuine 
Edition. 

Complete in i vol, medium Sz/o. large type^ 
with 36 Woodait Illustrations^ i/\s, or 
tJi 6 vols, fcp, Svo, price 2IJ. 



Poems by yean Ingelow. 

2 vols, Fcp, Svo, I or. 

First Series, containing * Divided,* * The- 
Star's Monument i ^c, l6th Thousand. 
Fcp, Svo, 5j. 

Second Series, M Story of Doom,* * Gla^ 
dys and her Island,^ dr»r. ^th Thousand, 
Fcp, Svo. 5x. 

Poems by yean Ingelow. 

First Series, with nearly 
\oo Woodcut Illustrations. 

Fcp, 4I0, 2is, 

The ^neid of Virgil 

Translated into English 
Verse. 

By y. Conington, M.A. 

Crown S^o, gs. 



RURAL SPORTS, HORSE and CATTLE 

MANAGEMENT/ &c. 



Annals of the Road^ 

being a History of Coaching 

from the Earliest Times to 

the Present. 

By Captain Malet. With 
Practical Hints on Dri- 
ving and all Coaching 
matters J . by Nimrod. 

Reprinted from the Sporting Magazine 
by permission of the Proprietors, I vol, 
medium Svo. tenth Coloured Plates^ 
uniform ivith Mr, Birch Reynardson^s 
*DoTun the Road,* [On May I. 

Down the Road; or^ 

Reminiscences of a Gentle- 
man Coachman. 
By C. T. S. Birch Rey- 
fiardson. 

Second Edition, with 12 Coloured Illustra' 
turns from Paintings by H. Aiken, 
Medium %iw>, price 2\s, 




Blaine's EncyclopcBdia of 

Rural Sports; Complete 
Accounts, Historical, Prac- 
tical, and Descriptive, of 
Hunting, Shooting, Fish- 
ing, Racing, &c. 

« 

With above 6co Woodcuts (20 from Design s^ 
/jy John Leech). ^0, 21s. 

A Book on Angling: 

a Treatise on the Art of 
Angling in every, branch, 
including full Illustrated 
Lists of Salmon Flies. 
By Francis Francis. 

PostZvo. Portrait and Plates, \^s. 
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JVilcocks's Sea-'Fisher-' 

man : comprising tlie Chief 
Methods of Hook and Line 
Fishing, a glance at Nets, 
and remarks on Boats and 
Boating. 

New Edition^ with 80 Woodcuts, Post %vo, 
\^s, 6d, 

The OXf his Diseases and 

their Treatment ; with an 
Essay on Parturition in the 
Cow. 

By y. R. Dobson, Memb. 
R.CV.S. 

Crown Svo, with Illustrations ^s. 6d, 

Youatt on the Horse. 

Revised and enlarged by W. 
Watson, M. R.CV.S. 

%vo. Woodcuts ^ I2J. dd, 

Youatfs JVork on the 

Dogy revised and enlarged. 

Svo, Woodcuts, 6s. 

Horses and Stables. 

By Colonel F. Fitzwygram^ 
X V. the King s Hussars. 

With 2^ Plates of Illustrations, Sz/o, lOs. 6d. 
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